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LAFAYETTE BENEDICT MENDEL 

(February 12, 1872 — December 9, 1935) 


On the Sheffield eampns at Yale stands a hroTm stncco 
mansion, soon to he removed for the extension of the Elec- 
trical Engineering Bnilding. This house is fondly rememhered 
by a diminishing number of American biochemists as the 
laboratory in -which Professor Lafayette B. Mendel held his 
classes and conducted research for almost a third of a cen- 
tury. The office room was restricted; the necessity for em- 
ploying irregular spaces such as the original parlor and the 
art gallery, led to make-shift adjustments ; and the laboratory 
equipment, even by the standards of those simpler days, was 
inadequate. Yet from this lahoratoi-y issued not only the 
record of fundamental research of a high order of excellence, 
hut also several generations of investigators and teachers, 
most of whom later occupied chairs of biochemistiy in widely 
scattered academic centers in our country. Although in 192.3, 
the Department of Physiological Chemistry was moved to 
more adequate quarters in the IMedical School, the accom- 
plishments in those early years alone are proof of the scientific 
acumen, the pedagogical genius, and the administrative skill 
of Doctor Mendel. 

The education of Islendel was rather typical of his time: 
after graduating from Yale in 1891 (he was then 19), he set 
ovit to prepare himself for a scientific career. His outlook 
was profoundly influenced by Chittenden who had established 
at Yale the fn-st teaching laboratory in physiological chomistiy 
in this country. Mendel became Chittenden 's assistant and 
carried on graduate work which led to the Ph.D. degree in 
1893. He remained at Yale as an instructor in the Sheffield 
Scientific School for two years before deciding to avail him- 
seli’ of the instruction and research opportunities afforded 
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by European laboratories. He was well equipped iulelloc- 
lually and had become a proficienl chemist. He went to Bres- 
lau where he studied first with Heidenliain and latei* with 
Rohmann. Despite the fact that ^lendel was prepared to 
personally provide material as well as a])paratus, ])ermission 
to work in Heidenliain ’s laboratory was not given until the 
new American student exhibited what was to Heidenliain a 
novelty — a sample of crystallized protein. From the experi- 
ence in Br(\slau liegan ^Menders interest in (‘X]K‘rimental physi- 
ology and the technical approach to it ; he always felt that 
Heidenliain had a great influence upon his subsequent scientific 
activities. Prom Breslau ^lendel went to Freiburg where 
for a time he studied chemistry with Baumann. 

Upon returning in 1896, Mendel was appointed Assistant 
Professor in Chittenden’s laboratory at Yale. Here began 
a iieriod of teaching and extraordinary research activity which 
was to continue for almost 40 years. The early invi^stigations 
reflect somewhat the interest of his mentor in the chemistiw 
of digestion and absorption, although as early as 1898, in a 
paper on the nutritive value of fungi, he shoAved his develop- 
ing interest in the new science of nutrition. Until about 1910, 
however, Mendel continued to look into the many paths in 
the area of gastrointestinal physiology, the beginning of wis- 
dom for anyone interested in nutritional biochemistry. With 
increasing independence and with the hell) of numerous gradu- 
ate students, he examined the enzymatic factors in digestion 
and the avenues of absorption of various nutrients. An ex- 
tensive study of the pathway of excretion of certain inorganic 
salts was made as well as of the intermediary metabolism of 
purines. In 1905 and 1906 a series of papers on the ])hysiology 
of the molluscs was published; this activity shows the catho- 
licity of his interest in comparative physiological chemistry 
upon which he drew so effectively for his delightful lectures. 
During the following two years (1907 to 1908) several papers 
appeared dealing with various phases of the chemical physi- 
ology of the embryo. Toward the end of this period, studies 
on the absorption of fat and on the utilization of carl)ohydrate 
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and protciii "wei’C carried out and a long series of expei’iinents 
on creatine and creatinine was reported. It is of interest that 
about this time occasional papers were published in the Ger- 
man journals. 

IMendel’s growing interest in nutrition and his familiarity 
with the then current methods of experimentation in this field, 
led him to the conclusion that only through the use of purified 
experimental diets could definitive infoi-mation on the nutri- 
tive significance of foodstuffs, notably the proteins, he secured. 
He felt that he needed the assistance of a chemist skilled in 
the field of protein chemistry for the most effective prose- 
cution of this program of investigation. What were the de- 
tails of the initial meeting of minds of Osborne and Mendel 
is unimportant here; it is important that in Xew Haven, 
tliere were these two scholarly men, each in a situation which 
permitted him to engage in a scientific collaboration under 
almost ideal conditions, a circumstance to prove extraordi- 
narily fortunate for the progress of science in America. It 
would not be easy to find two more diverse iiersonalities : 
Osborne, the shy, retiring savant, and Mendel, the sociable, 
extrovert scholar with unusually broad interests. However, 
they possessed one attribute in common, namely, a deep per- 
sonal and professional regard for the attainments and in- 
tellectual honesty of the other. During the almost 20 years 
of the collaboration, each learned much from the other and 
each exerted a searching critical influence upon the planning 
of the experiments as well as on the preparation of the papers, 
most of which are models of expository writing. 

When Osborne and Mendel began their ivork, one of the 
most discussed questions in the field of nutrition was the 
o))tinial quantity of protein in the diet. Liebig, l^Ioleschott. 
Voit. ff ubner, Hindhede, Chittenden and ^fcCay, among others, 
bad discussed the ])roblems from various points of view with 
various emphases, and with little unanimity of conclusion. 
Osborne and Mendel initially set for themselves the task of 
examining the importance of the quality of dietary protein 
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in nutritive success or failure, a decision rvliich naturally 
turned the searehliglit of their infjuiry u]3on the amino acids. 
Aided by a continuing- grant fi‘om the Carnegie Institution 
of Washington, the reseai-ch program was begun at the Con- 
necticut Agricultural E.xperiment Station in Isow Haven; at 
the outset the details of the breeding, housing and feeding of 
the allhno rat were n-oi-ked out. The ol)servations arising 
fi-om these important preliminary experiments were published 
in a monograph in 1911. The addition of this broad research 
activity to an already heavy program of investigation, teach- 
ing and general university and public service, illustrates tlie 
astounding capacity for woi-k shown by Hendel at. this stage 
of his career. 

Once Osborne and jSIendel had established the experimental 
procedure, a broad plan of study was initiated. The unusually 
capable staff in Osborne’s laboratory contributed to the prepa- 
ration of puriiled proteins from various sources as well as 
to the analytical values for their content of the various amino 
acids. Papers by Osborne and Mendel began to apjjoar in 
considerable numbers — 6 in 1912, 10 in 1915-16, 14 in 1917-18, 
and so on at an average rate of some 8 papers a year between 
1911 and 1927! There were studies on the determination of 
the comparative nutritive value of various i)urificd proteins 
from cereal grains, other seeds and plant tissues, for growth 
and maintenance. This inevitably led to the supplementation 
of some of the deficient proteins with the missing amino acids 
and to the basic concept that some of the amino acids derived 
from the hydrolysis of proteins cannot be readily synthesized 
by the animal body but must be provided cle novo in the diet. 
Within the limits of the experimental procedure, protein 
minima for growth and maintenance were determined and 
the minimum daily requirement of certain amino acids was 
suggested. 

Following the initial work on purified proteins, each item 
in the simplified experimental ration was scrutinized. It was 
in connection with the examination of the needs of the rat 
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for inorganic salts that Osborne and Mendel became convinced 
that in natural foods there "were present nutritionally indis- 
pensable factors for whose detection and quantitative esti- 
mation, methods were then non-existent. Thus, as a result of 
their demonstration that a mixture of pure salts similar to 
those found in milk, failed to support nutritive success as 
did their “protein-free milk” used to provide the ash con- 
stituents in their early diets, they were receptive to the sug- 
gestion that an indispensable water-soluble factor (vitamin B) 
was present in milk. Later, a study of the lipid component 
of the diet, brought out the fact that certain natural fats 
possess nutritive virtues which are lacking in others, an ob- 
servation marking their discovery of vitamin A. The natural 
distribution of this factor and its chemical character and be- 
havior also received attention. 

In the course of the evaluation of the carbohydrate portion 
of tlie diet, Osborne and IMendel experimented with diets, the 
components of which were present in extreme proportions. 
One of the by-products of this line of research was their in- 
terest in the response of the kidney to diets unusually rich 
in protein. The In'pertrophic response of the kidney, however, 
was but one aspect of the larger question of growth which 
early elicited their interest. Whereas the previous concept 
of growth was that of an inherited capacity which must act 
at the proper time (youth) to exert its influence, Osborne 
and }^rendel showed that growth can occur at any time in the 
life of an animal, once the chemical environment (nutrition) 
is adequate, other factors being optimal. 

Tlie last contribution published by 0.sborne and Mendel 
was a summary of their work on growth; after a fruitful 
period of some 20 years, this scientific partnership came to 
an (' 11(1 with tlie death of Osborne in 1929. Tlie work of Os- 
borne and ^Mendel gave direction to the develojnnent of nutri- 
tional biochemistry in this country; subsequent extension of 
the lield of essential amino acids, discoveries based on the 
use of fat-free diets and the extended difl'erontiation between 
the vitamins, are expansions of our knowledge of nutrition 
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whose j)oiiil of (le])!ii‘tiire is llie use oi exj)orijnentiil rjilioiis 
composed of known ])ui'ified com])oneids. 

As staled before, iMendel supervised investigations on a 
wide variety of lojjics in ciioinical piiysiology in liis own lab- 
oratory at Yale during and aftci- his work Avith Osborne at 
the Experiment Station. The metabolism of calcium and niag- 
iiesimn. the physiology of absorption, Iranspoid and secretion, 
the metabolism of the ])yriniidines, non-specific jii’otein reac- 
tions, rile i-egulation of blood volume, carbohydrate metabo- 
lism. rie i-hysiology and distribution of the vitamins, are some 
of the to| e s to which he added significant knowledge through 
collaboration with graduate students. The relation of the 
chemical character of dietary fat to that of body fat was ojie 
of the theme.s which appealed especially to Professor iMendel 
aiul he gave it his enthusiastic attention. 

iNlendel was a prolific writer; along with his diverse pro- 
gram of investigation he wrote many reviews and editorials 
on the relation of the growing science of nutrition to medicine, 
and on the influence of nutritional research in the national 
economy. Although there are some 840 ])apor.s attributed 
to him, this number is by no means an index of the number 
of iiiA-estigations which he directed, for with characteristic 
generosity, the inclusion of the “Professor’s" name on a 
paper arising from collaboration with a student was left to 
the choice of the junior partner. Doctor jMcjidel published 
three books: “Childhood and Growth," (1906), “Changes in 
the Pood Supply and their Relation to Niitrition,” (1916), 
and “Nutrition, the Chemistry of Life," (1923). He wrote 
fluently in an accurate and cogent manner and the first draft 
of his manuscripts rarely required revision, 

Mendel’s laboratory Avas an actiA'c center of both under- 
graduate and graduate instruction and he is affectionately re- 
membered by the large number of his students as an inspiring- 
teacher. Early in his career his students Avere largely undei-- 
graduates; in many of these he aroused interest in the neAV 
field of physiological chemistry and led them to realize the 
opportunities in medicine, bacteriology, public health and 
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physiological chemistry itself, stimulati 
advanced study in these fields. Mendh 
matic and in this attitude lay his strong 
He believed that the investigator shot 
his ovTi work effectively and to this en( 
answer to a classroom question or the n 
report be given not only accurately, hr 
said, in elegant English. He himself wa 
speaker and ranged widely for illustrat; 
His demonstrations were carefully plan 
finesse, always accompanied by lucid e 
the inevitable uncertainty of animal e: 
its ugly head, the situation was usually 
from his past experience or by bits o 
strove to inculcate a respect for skilled 
he permitted no liberties with accura* 
part of the student. A eonfii-med expei 
tremely sensitive to lack of care in ha: 
sisted that adequate anesthesia and g 
routine in the demonstration or expei 
Graduate students began to come t 
career ; his extraordinarily broad knoA^ 
in ifiiysiology and biological chemistr 
gest a great range of topics worthy c 
frequently assigning a student to a di 
alylical method, Slendel was not with* 
of raethodologA'", for ho frequently sa; 
and I will give you a problem.” His ] 
was function, approached by the phv; 
methods then current and this dynani 
factor in attracting graduate studer 
literally guided through the intricaci 
“Professor's” own hand; as time we 
of a growing maturity in his own scic 
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able to endow them with a benign but liberal independence in 
scientific thinking. Graham Lusk wrote of Mendel as a teacher : 

has been the guide, philosopher and friend to many young 
men and women; he has encouraged them to walk by themselves 
when they were able to stand alone; and ho has given wise counsel 
in times of difficulty. Herein he has shon*n himself as one of the great 
teachers of his time/^ 

Probably no part of Professor Mendel’s teaching program 
will be more pleasantly recalled by the participants than his 
seminar. These stimulating weekly sessions of informal dis- 
cussion by both the “Professor” and the students, still seem 
to the writer to be an unequalled teaching device for the ad- 
vanced student with respect to contact with the problems 
and the progress in as hi’oad a field as is physiological 
chemistry. 

Richly endowed with factual knowledge, with an engaging 
personality, and with a deep interest in his students, he gave 
serious consideration to the methods of pedagogy and to the 
dignity of the profession of teaching. The prepared mind 
and a mllingness to work hard were for him evidence enough 
that the student merited his guidance. He almost literally 
looked upon his graduate students as his “laboratory family” 
and took great satisfaction in the distinguished suhsequeut 
cai'eers of many of them. 

Mendel’s outstanding position in American science and his 
gift for administration early led the University to make use 
of his talents. A member of the faculty for 43 years, he served 
variously on the governing boai'ds of the Sheffield Scientific 
School, the Graduate School, the Universit}^ Libi’arj’' Com- 
mittee, and the Board of Permanent Officers of the Medical 
School. A keen judge of men, it was natural that he should 
have served at various times on fellowship committees and 
on the Admissions Board of the Undergraduate Schools. Ap- 
preciation of Mendel’s University service is shoum by his 
appointment in 1921 to one of the first Sterling Professor- 
ships. 
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Outside the University, Mendel’s advice and assistance was 
sought hi the fields of nutrition, public health, and medicine. 
He was an official member of several international congresses. 
He recognized the importance of organized effort of scientific 
groups ; thus he served as secretary of the American Physio- 
logical Society for several of its early years and was active 
in the formation of the American Society of Biological Chem- 
ists in 1906, serving this group in the various offices. He was 
the first President of the American Institute of Untrition and 
helped guide the Editorial policy of the Journal in its early 
years. He enjoyed scientific editorial work and performed 
important service of this nature for Chemical Abstracts, the 
Jotirnal of Biological Chemistrg, Scientific Monographs of 
the American Chemical Society, and the Journal of the Ameri- 
can Medical Association. In view of the meticulous attention 
given hy him to these ‘extra duties, one marvels again at 
Mendel’s enormous capacity for work. 

Doctor Mendel’s career spanned the period of the develop- 
ment of nutrition and he was looked upon as one of the leading 
protagonists of this new area in the field of physiological 
chemistry. His prolific contributions to the scientific htera- 
ture and his effectiveness as a speaker, led to many such 
engagements. In 1906 he gave one of the first Harvey Lectures 
and again in 1914 he discussed the chemical aspects of growth 
before that society. He spoke on one of the Sigma Xi lecture 
tours and gave the 1914 Herter Lectures at University and 
Bellevue Hospital Medical College in New York. Xine years 
later he gave the Hitchcock Leetui*es at the University of 
California. In 1930 he lectured on the Schiff Foundation at 
Cornell University and was Cutter Lecturer on Preventive 
Medicine at the Harvard Medical School. During all of this 
time he was in demand as a speaker to civic and scientific 
groups; indeed, he can be looked upon as one of the earlv 
out.'itanding forces in the popularization of science. 

It seems inevitable that Dr. Mendel's broad interest in 
physiology', toxicology and chemistry should have brought 
him into more or less close contact with medicine. For the 
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greater part of bis professional life, be advised on national 
medical problems, wrote for medical .iournals, and spoke to 
medical audiences. As be took part in tbe development of 
nutrition be became convinced, and so urged, that it be 
looked upon as an exceedingly important factor in preventive 
medicine. He was frequently consulted by tbe practitioner 
regarding clinical problems ; tbe discussion usually revolved 
about normal physiology and cbemistry upon tbe basis of 
wbicb guidance to tbe solution of tbe problem was usually 
given. 

During bis lifetime many honors came to Dr. ^Mendel. He 
was proud to have been a charier member of the Yale 
Chapter of Sigma Xi. Later, honorary degrees were conferred 
by the University of Michigan, Rutgers University, and AA’est- 
ern Reserve University. He Avas long a member of the 
National Academy of Sciences and *of the American Philo- 
sophical Society. In 1929 be was elected to member.sbip in the 
Societe de Biologie in Paris and became a member of tbe 
American Academy of Arts and Sciences a year later. Ilis 
academic service Avas recognized by a gold medal given by tbe 
American Institute of Chemists and a year before bis death, 
the Chemists’ Club of Ncav Yoi’k conferred upon him tbe 
Conne Medal for cutstanding chemical service to medicine. 
When he Avas 60, his friends, students, and professional 
associates presented him Avitb bis portrait and for tbe same 
occasion, there Avas published an AnnWersary Number of 
the Yale Journal of Biology and Medicine containing articles 
by some of bis former pupils. AVliile be valued these A’arious 
honors, be prized most of all tbe successes of bis many former 
students. 

In Dr. Mendel’s death on December 9, 1935, at tbe age of 
63, there passed not only one of tbe pioneers in the science of 
nutrition, but also a gentle friend to many Avbose lives Avere 
enriched by contact Avith him. 

Arthur H. Smith 
IVai/iic State I'nirersiti/ 
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INTRODUCTION 

The litoratui-e on the effects of polymerization temperature 
on the nnti'itive value of edible oils has been revieived tip 
until 1952 by Crarapton et al. { ’53). Since then Frahm et al. 
(’53) have reported deleterious effects of heat-polymerized 
whale oil when it is fed to mice. Raju and Ragagopalan (’55) 
have repoi'ted the results of feeding rats with diets containing 
15% of peanut or sesame or cocoanut oil which had been heated 
at 270°C. in open pans in contact with air. The effects included 
depression of live weight gain, decrease in food efficiency and 
increases in liver weight as percentage of body weight and in 
percentage of liver fat. However, although the temperature 
used by Raju and Ragagopalan suggests that there was poly- 
merization, the experiments of those workers are not com- 
parable with those carried out in our laboratories where the 
oils were heated in a current of CO^. Kannitz et al. (’55) 
have found that cottonseed oil heated and aerated at 90 to 

' CoDtrUmtirvn from FaenUv of ARriciiUtirc. McGiU Un'ircmty, Mnc^onald 
Colloijt*, Province of Quebec, Cnnrula, Journnl Series no, 004, 

in 
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95°C. for periods of up to 300 hours l)ecame injurious to rats. 
Incorporation of fresh oil gave a degree of protection against 
some of the deleterious effects; peroxides wore considered not 
likety to be responsible for the ill effects. The conditions of 
heating differed greatly from those used in our laboratories. 

In a previous paper (Crampton et ah, ’53) we have reported 
a study of the nutritional properties of certain fractions pre- 
pared from the ethyl esters of heat-polymerized linseed oil 
by distillation and urea adduct formation. The preparation 
and the designations of the different fractions are described in 
this previous paper, as are also the diets and plan of the feed- 
ing trials. For convenience of reference tlie flow sheet for 
fractionation is rcj^roduced in figure 1. 

It shoiild be pointed out here that polymerization of triglyc- 
eride oils is now known definitely to include formation of 
significant amounts of trimeric, and even of some higher 
polymeric acyl radicals, as well as of dimeric acyl radicals 
(Paschke and Wheeler, ’54). In the present paper, there- 
fore, fraction 6 is designated “polymer” rather than “dimer.” 

Prom this earlier work it seemed reasonable to suppose that 
heated linseed oil was nutritionally injurious, firstly, because 
of the presence of polymerized material that is poorly ab- 
sorbed, if at all, and secondly, because of the presence of 
monomeric acyl radicals incapable of forming urea adducts 
by reason of some structural feature, possibly a cyclization. 
In this connection it is noteworthy that Paschke and Wheeler 
(’55) have now demonstrated the formation of a cyclic mono- 
mer during heat poljnnerization of methyl eleostearate and 
have shown that tliis cyclic monomer is mainly an ortho- 
disubstituted cyclohexadiene. 

The question that next presented itself was the degree to 
which formation of non-adduct-forming monomeric material 
could be related to the fatty acid composition of the original 
oil itself. Accordingly, in 1953- ’54 further rat feeding trials 
were carried out involving 24 lots of 10 animals each in order 
to study the nutritional value of similar fractions prepared 
from soybean oil and sunflower seed oil. Soybean oil was 
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Refined Linseed Oil 

I 

heating 

♦ 

polymerized Oil 

I 

etbanolysis 


Esters of Heated Oil 



Fig. 1 Flow sheet illustrating preparation of fractions of esters of heated 
linseed oil used in feeding trials. 


cliosen because it is a food oil that contains some linolenic 
acid. Sunflower seed oil was chosen because of its high linoleic 
acid content and negligible linolenic acid content. Typical 
data for the fatty acid composition of the three oils are sum- 
marized in table 1. 

Preliminary experiments with soybean and sunflower seed 
oils showed that non-adduct-forming distillable ester (NAFD) 
fractions could be obtained from both oils using the same 
pohnnerization temperature (275°C.) and heating in a current 
of CO;. It was necessary to heat those oils for longer times 
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TABLE 1 


Fatty acid composition by weight of Jin seed ^ soybean and sunflower seed oils 


SATUKATKI) 


UN.S,\TUaATKI» 

L’jc 


Oloic 

Liaololc 

Ljnolnnic 

Tc Co 

Cc 

'/o 

Yc 

Yc 

Linseed N. American 

(I No. 179.8 )‘ G.3 2.3 

0.5 

10.0 

24.1 

47.4 

Soybean 

(I No. 132.5)’ lO.G 2.1 

2.4 

23.5 

51.2 

8.5 

Sunflower seed ^ 0.4 1.3 

4.0 

21.3 

GG.2 


^Rosc and Jamieson (^41), cited by Bailey ('5 

2). 



‘ Hilditch, Meara and Holmberg ('47), 

cited by Bailey ('52). 


^Barker, Crossley and Hilditch ('50), cited by 

Bailey ('52 

). 


TABLE 2 




Yields of fractions of ethyl esters used in feeding trials 




viKLi) AS era cnNT or total ktiiyl 

KSTFRS or UKATri) OIL 

FRACTION 


Linsecjl * 

Soyhoftn 

Sunflower 



(12 hr, nt 

275* C.) 

(24 hr. nt 
27r.*C.) 

(2C hr. nt 
275*C.) 

1. Adduct-forming fraction 
of total esters 


40 

(203)= 

63 

(290) 

G5 

( ) 

2, ISon-adduct forming / \ i 

fraction of total esters \ / 

/ \ 
V" 

54 

(472) 

37 

(415) 

35 

( ) 

3. " Distillable” esters ' , 

4- / \ 

\/ 

GO 

(294) 

74 

(290) 

75 

(303) 

4. Adduct-forming fraction 


49 

04 

65 

of distillable esters 


(293) 

(294) 

(295) 

5. Non-adduct'forming 


11 

10 

10 

fraction of distillable 
esters 

6. Non-distillable esters 

x \ 
\/ 

(300) 

(294) 

(296) 

<> 

40 

(550) 

2G 

(415) 

25 

(613) 


*Data for linseed oil quoted from Crnmpton et al. (^53), 

^ Eigures in parentheses are cryoscopic mean molecular weights. 
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tlian linseed oil in order to attain reasonable yields of this 
fraction. The times used for bulk preparation of fractions 
are given in table 2, together with approximate yields of the 
various fractions. The data for linseed oil are quoted from 
Crampton et al. (’53). 


BESULTS 

Tables 3 to 7 summarize the results of the feeding experi- 
ments -vrith soybean oil and sunflower seed oil, the data for 
linseed oil being cited from Crampton et al, (’53). In the 
discussion that follows, the data for linseed oil are considered 
along with those for the two other oils : the latter sets of data 
are here reported for the first time. 

Survival of rats. The percentages of the rats surmving the 
28-day feeding are shown in table 3. 

TABLE 3 

Comparison of the nut r if tonal effects of ethyl esters of linseed, 
soybean and sunflower seed oils 
(Ten rats per lot) 

Percentage of rats surviving 28'day test 


DIET 

ESTEn rn ACTIO V 

DIVSEED 

EOr*BEAK 

SCKn-OWEP. 

SEED 



20 ’"r 

lore 

2orc 

lOCT 

2orc 

lore 

1 


100 

100 

100 

100 

100 

100 

a 

/\ + <> 

20 

100 

0* 

100 

50 ’ 

oO’ 

3 

+ y \ 
\/ 

90 

100 

100 

100 

100 

100 

4 


100 

100 

100 

100 

100 

100 

100 

100 

5 

7^ 

\/ 

0 

0 

100 

SO’ 

Cl 

7\ 

\ / 

TO 

100 

0* 

10" 

100 

100 


’ Al\ anin^als removed after 10 days because of diartbea and ertTeme viscosity 
of fecos, 

*Fjvc animals removed because of diarrhea. 

*Kcmaining rats in poor condition. 

* Some diarrhea. 
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The only deaths recorded were in lots where the diets con- 
tained either non-adduct-forming monomers or dimeric oi 
higher polymers, with the former displaying the greater 
toxicity. Also, in every lot receiving esters of polymeric acids 
there was diarrhea and the feces were varnish-like. This ma- 
terial was so sticlvy that at morning inspection the feet and 
tails were often found to he inseparable without washing. In 
some cases the animals were stuck to the wire floor of their 
cages. The diets, however, did not appear to be toxic in the 
usual sense of the term. 

The ester fraction which consisted entirely of urea adduct- 
forming monomers had no harmful effect on survival. The one 
death in lot 3 may have been due to the “cyclic” monomers 
of linseed oil also present, since all rats died in lot 5 even 
where the diet contained but 10% of such material. 

Gain of rats. The gain figures shown in table 4 are not 
dii'ectly comparable as between oils. For each ester source, 
however, figures are strictly comparable as between diets and 
between levels. 

TABLE 4 


Live xoeiglit frain,*; — SS day.s 


DIET 

ester TRACTION’ 

MS' peep 

SOYREAN’ 

SUNr DOWER 
SEED 



20^0 


2Q*ro 

iQ';c 

20^0 

lOc'o 




£jm 

fjm 


pm 

pm 

1 


101 

107 

93 

99 

143 

150 

2 

\ / + \/ 

4- ^ V 

32 

39 


63 

107 

150 

3 

^ V 

4 

66 

83 

101 

162 

162 

4 


57 

108 

91 

99 

151 

159 

5 

7^ 

\/ 



16 

36 

97 

142 

6 


13 

77 


69 

90 

143 

Least significant difference 








II 

O 

o 

cn 

23 

23 

10 

10 

20 

20 
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Tile results leave little doubt that esters of both “cyclic” 
monomeric and polymeric acids from the heat polymerization 
of these three oils are undesirable components of rat diets. 
However, there ivould seem to be a difference in the degree of 
toxicity of tbe non-adduet-forming distillable fractions, in- 
sofar as that from sunflower seed oil was less damaging than 
those derived from flaxseed or soybean oil. These oils differ 
chiefly in their contents of the trienoic linolenic acid and there 
is a temptation to ascribe to this fatty acid the origin of the 
toxic “cyclic” monomers. Such an ascription requii-es an 
assumption that some non-adduct-forming material arises on 
heat polymerization from some fatty acid other than linolenic 
and perhaps also that this is a less toxic material than that 
formed from trienoic fatty acids. 

Food inf alee. Fractions 1 and 4 were equally readily eaten, 
except at the 20% level of the linseed oil fractions. The poly- 
mer fraction 6 was practically equally acceptable, except at the 
20% level of the linseed oil fraction; this is remarkable in 
view of the unatti'active varnish-like nature of the materials 
in question. The “cyclic” monomer fraction (fraction 5) was 
less readily eaten than the other fractions ; and here it is to 
be noted that these fractions were either colorless or very 
pale, bland oils. Fractions 2 and 3, containing some “cyclic” 
monomer, were as readily accepted as fractions 1 and 6, in 
the case of the soybean and sunflower seed oil fractions, but 
less readily in the case of the linseed fraction. On the whole, 
these results suggest that the only fraction that was definitely 
poorly acceptable was fraction 5. 

Digesfihiliiy of ihe oils. There was reasonably clear evi- 
dence that the non-addnet-forming polymers were poorly di- 
gestible. This was predictable from the abnormal feces. It is 
probable that low digestibility was a major causal factor in 
the slower gain of the animals fed this oil fraction. The di- 
gestibility of other fractions was above 90%. 

Efficiency of nfiUsation of dietary calories (gain per 1000 
digesied calorics). The data suggest that, in general, the rats 
used that portion of the calories which they absorbed about 
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equally well excepting for the “cyclic polymers.” In the case 
of the linseed and soybean oils, the digested polymeric esters 
were in some cases as efiicieiit as the slraighl-elmin materials, 
but with sunflower seed oil tliis fraction was as unsat ist act ory 
as the cyclic monomers (table 5). 


TABLE 5 

Gains per 1000 diffcsicd calorics 




LINSERP 

ROA'PKAN 

pUNFIAItVER 

PIKT 

ESTEU FRACTION 









20*;? 

lOVr 

20 rc 

lOCf 

20 Or 

lOCo 



firm 

iim 

prn 

pm 

pm 

pm 

1 

— 

G1 

G1 

99 

99 

se 

S9 









2 

< > + \/ 

9 

50 


88 

G9 

101 



43 

G3 


104 


90 

3 


92 

95 


N/ 




4 



54 

G2 

99 

lOG 

92 

87 









5 

7^ 



85 

85 

77 

93 


\/ 





6 

o 

G1 

5G 


SS 

G5 

84 

Least significant difiference 
(P = 0.05) 

16 

IG 

10 

10 

14 

14 


DISCUSSION 

Certain characteristics of the iion-addiict-forining* distillable 
ester fractions from the three oils are presented in table 6. 
The order of decreasing injuriousness was also the order of 
decreasing iodine value and refractive index, while the cryo- 
scopic mean molecular weights were, for practical purposes, 
the same and corresponded to a preponderance of Cis acids. 
The most marked difference between the three NAFD frac- 
tions was in respect to their behaviour on alkali isomerization 
(fig. 2). Linseed NAFL displayed a relatively low absorption 
at 233 my, while both soybean NAFL and sunflower seed 
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TABLE 6 

Iodine values and refractive indices of fractions of ethyl esters of linseed, 

soybean and sunflower seed oils 



FRACTION’ 


LIN’SEED 

SOVBEAX 

SUNFLOWER 

SEED 

1. 

Adduct-forming fraction 
of total esters 

Iodine no. 

118.2 

1.45345 

99 

1.45302 


2. 

Xon-adduct-forming fraction 
of total esters 

Iodine no. 

162.7 

1.47561 

125 

1.46998 


3. 

‘ * Distillable ’ ^ esters 

Iodine no. 

130.1 

1.45684 

106 

110 

4. 

Adduct-forming fraction 
of ^'distillable'^ esters 

Iodine no. 

124.8 

1.45494 

92 

1.44935 

107 

1.45254 

5. 

Xon-adduct-forming fraction 
of “distillable" esters 

Iodine no. 

170.7 

1.46986 

143 

1.47001 

130 

1.45671 

6. 

“Non-distillable" esters 

Iodine no. 

159.9 

1.48017 

114 

106 

1.47655 



Fip. 2 Ultraviolet absorption spectra of non-aflduct-fomiuig distillable frac- 
tions of the esters of heat polymerized linseed, soybean and sunflower seed oils. 
• — • — • unisomerized. 

O — O — O alkali-isomerized for 25 minutes. 

# — • — • alkali-isomerized for G hours. 
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NAFD displayed a liigli proportion of difficultly conjugable 
diene unsaturation, as shown by the increase in absorption 
at 233 mp on extending the isomerization time from 25 minutes 
to 6 hours. This increase could be explained by the presence 
of much cis-trans acid (Jackson, Paschke, Tolberg, Poyd and 
Wheeler, ’52). The results with linseed oil suggest a much 
lower proportion of difficultly conjugable cis-irans isomer. In 
point of fact, oxidation with permanganate by Bertram’s 
method showed that linseed NAPD contained loss than 2^ of 
saturated material, and the spectrometric data and iodine 
value suggest that linseed NAFD contained a high propor- 
tion of non-conjugable diene, and perhaps as much as 80^. 
But we are not yet in a position to state Avhat feature of the 
chemical construction is responsible for the failure to form 
an urea adduct. It is, of course, possible that this feature may 
be related to the nutritional defectiveness of the fraction ; at 
the same time it must be boime in mind that failure to form 
urea adducts may result from a variety of structural features. 

SUMMARY 

The non-adduct-forming fraction (XAFD) of the distillable 
esters from heated soybean oil rvas toxic, though to a lesser 
degree than that from the comparable fraction obtained from 
linseed oil. The NAFD from heated sunflower seed oil, how- 
ever, Avas only slightly injurious to the rats. 

The adduct-forming fractions from both the heated soybean 
oil and the heated sunflower seed oil Avere nutritionally harm- 
less. 

The chief chemical difference betAvecn the NAFD fractions 
from the three heated oils Avas in respect to their behaviour 
on alltali isomerization. The NAFD from heated linseed oil 
displayed relatively little increase of its absorbance at 233 mg, 
Avhereas the results for the soybean and sunfloAver seed oils 
suggested, the presence of high proportions of difficultly con- 
jugable diene unsaturation. 

These results suggest that the non-adduct-forming fraction 
of the distillable esters of heated linseed may contain a high 
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proportion of non-conjugable diene ois-isomers, possibly of 
cyclic strnctnre. 
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APPEXDIX 

Preparation of ethyl esters of polymerized soybean, sim- 
flower seed and linseed oils. 

Raw solvent-extracted soybean oil (Victoiy Mills Limited, 
Toronto) was alkali-refined in batches of 1.5 kg with 3.6% 20° 
Baunie sodium hydroxide, washed and dried vith sodium sul- 
phate. The correct amount of alkali was calculated from the 
acid value and the tables given by Bailey {’51). Batches of 
500 gm of the oil were then bleached with 2% Super Filtrol, 
filtered and polymerized at 275 °C. for 20 hours under a stream 
of CO 2 . Prom that point the preparation was as described by 
Crampton et al. (’55). 

Raw sunflower seed oil (Co-operative Vegetable Oils Lim- 
ited, Altona, Man.) was handled in the same fashion, except 
that a heating time of 26 hours was selected for the polymeriza- 
tion. Preliminary experiments showed that there was not 
any appreciable formation of NAPD fraction until this oil 
had been heated for 20 hours. The subsequent steps in the 
preparation of ester fractions were performed as for the lin- 
seed and soybean oils. 

The yields and mean molecular weights of the various frac- 
tions arc given above in table 2. The corresponding iodine 
numbers and refractive indices are reported in table 6. 
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During earlier studies on the reproduction of rats fed 
protein-free amino acid rations, it was noted (Schultze, ’55) 
that after completion of lactation the livers of rats were 
greatly enlai'ged, pale colored, mottled and friable. Since 
this condition was not observed in non-lactating animals of 
similar age fed the same rations, it appeared that fatty 
livers had been induced by the stress of lactation. This 
condition was investigated in conjunction with extended 
studies (Schultze, ’56) of the adequacy of protein-free amino 
acid rations for reproduction and lactation. Moreover, since 
the literature does not appear to contain a record of previous 
s.vstomatic observations on this point, it was necessary to 
investigate the effect of pregnancy and lactation on the 
lipid content of livers of rats fed adequate rations composed 
largely of natui’al products. The results of this work are 
summarized in this paper. 

EXPERIMEXTAE 

JRaiioas. The rations contained the ingredients listed in 
table 1. Amino acid mixtures I and 11 which contained 10 
and 16 amino acids respectively had the same composition as 
previously described (Schultze, ’55) except that the isoleucine 

'pApor no. 5513, Scientific Journal Series, Minnesota Agricultural Experiment 
Stntioiu 
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was from a cliff ei'ont source.- The rolled oats — casein ration 
OC4 differed from similar rations previously described (Gan- 
der and Schultze, ’55) in that unpurified commercial casein 
was substituted for the leached casein prepared in the labora- 
tory. Such a ration can support very heavy lactation (Schultze, 
’54) and simultaneous weight gains of mothers. The rations 
were mixed at least once a week and stored at 


TABLK 1 

Co7nj)06ifton of rations 


COMTOKEKT 



n T 1 0 -v 



AA 4 

AAr. 

A 

AAjt 

A Axil 

OCx 

Auiiuo acid mixture I,* gm 

159.4 






Amiuo acid mi-\turc II,’ gm 


122.3 

183.4 

122.3 

244.5 


Diammoniuin citrate, gni 

51.0 






Casein, commercial, gm 






G5.0 

Boiled oats, ground, gm 






840.0 

Sucrose B vitamin mixture I,* g)n 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

Salt mixture TV,* gm 

40.0 

40.0 

40.0 

40.0 

40.0 

30.0 

Sucrose, gm 

G99.0 

7S7.7 

72G.6 

087.7 

GG5.5 

11.7 

Hydrogenated vegetable oil,^ gm 




100.0 



'Wheat germ oil, gm 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

Corn oil 4- vitamins A and Dj,’ gm 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

DL-Methionine, gm 






3.3 

Pyridoxine hydrocliloridc, mg 

5 






Total grams 

1000.0 

1000.0 

1000.0 

1000.0 

1000.0 

1000.0 


^ Schultze, ’55. 

* Gander and Schultze, ’55. 

* Schultze, ’50. 

* Crisco. 


Animals. All rats were from our black strain of line 3 
which had been used in earlier studies (Schultze, ’55). They 
were housed in groups of 5 in cages provided with raised 
screens except shortly before parturition and during lactation, 
when a cage, bedded with clean wood shavings, Avas provided 
for each animal. 

Rats fed the rolled oats — casein ration. Littermate female 
rats, three Aveeks old, Avhose mothers had consumed the same 

“Nutritional Biocheniicals Corporation, Clovelniul, Oliio. 
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ration were alloted at random to 7 groups and fed ration OC4 
throughout the experiment. The rats in groups la. lb, and 
Ic, table 2, were not bred; all others were bred at 10 weeks of 
age. The rats in group la were killed when their littermates 
were bred ; those in group lb at parturition of their littermates, 
and those of group Ic at the end of a three weeks period 
of lactation of their littermates. The rats in group 2 were 
killed within 7 hours after birth of their young. IVithin 12 
hours after parturition, the number of young nursed by 
rats in group 3a was reduced to two ; in group 3b to 6, and 
in group 3c it was increased to 12, where required, by the 
addition of young from groups 3a or 3b. TThen any nurslings 
died, they were replaced by rats of about the same age 
obtained from litters which Avere raised for this purpose. 
Thus it was possible to compare the lipid content of the 
livers of rats at the end of pregnancy or at the end of a lacta- 
tion period of varying degree of intensity with that of non- 
lactating littermates of the same age. The rats in groups 
3a, 3b, and 3c were killed after a period of lactation of 
21 days. 

Bats fed protein-free amino acid rations. These animals 
were offspring from mothers fed the same or similar protein- 
free rations. ITith the exception of group 8, table 3, fed ration 
AAit, each group was fed the same ration fi-om weaning until 
killed. Group 8 was transferred from ration AA^ to A A j- 
after the second litters had been weaned. All animals in groups 
2, 5, 7, and 9, table 3, were killed on the 28th day of their 
second lactation; those in group 8 on the 2Sth day of their 
third lactation; those in groups 3 and 6 Avex-e killed 14 days 
after completion of their second lactation period of 28 days. 
The size of the litters Avas not changed by addition or removal 
of young after ixarturition and the mean number of young 
nursed for 28 days ranged from 6.0 to 7.3 per mother in all 
gi'oups except 1, 4 and 10. The latter three included a fcAv an- 
imals Avhich lost their litters through abortion or .chorth- after 
birth, i.e. all rats in those groups Avoro subjected to no stress 
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of lactation or to a verj^ light one. These rats Avere killed 
when their litters died or after lactating for 28 days. 

Determination of liver lipids. The livers were removed 
from the decapitated rats, weighed and partially dried at 
60° C. The whole liver was then macerated and representative 
samples were used for analysis of residual moisture and of 
lipids by a procedure previously described (Hedin and 
Schultze, ’55). 

TABLE 2 


Effect of pregnoncy and lactation on Jiver lipids^ 



RF.PIlt)- 

UObY 

WT. 


1. 1 V ?: R 


CRorp 

nrcrivF 
STATt\s ” 

Per cvnt of 
body 

Dry weiplit 

Liip^ds 





<5? of frfxh 

of dn/ 

la 

X.P. 

171 ±4.7 = 

3.8S ± 0.09 

29.G ± 0.37 

21,0 ± 0.00 

lb 

N.P. 

205 ± G.2 

3.62 ± 0.26 

29.0 ± 0.78 

23.0 ± 0.S5 

Ic 

N.P. 

207 ± 3.S 

3.42 ± 0.07 

2S.9 ± 0.33 

21.5 ± 0.6S 

2 

P 

221 ± 5.5 

3.S9 ± 0.05 

27.4 ± 0.27 

24.7 ± 0.5S 

3a 

Xa 

' 247 ± 6.5 

3.S5 ± 0.10 

28.2 ± 0,59 

20.8 ± 1.05 

3b 


235 ± 3.4 

4.92 ± 0.19 

28.9 ± 0.30 

20.3 ± 0.33 

3c 

x^ 

236 ± 3.6 

4.88 ± 0.10 

28.0 ± 0.25 

21.4 ± 0.92 


^ Means of 10 animals except group 3c ’which comprised 14 animals; all rats fed 
ration OC^. 

= N.P. = not pregnant; P = killed after parturition; X,, Xi; killed after 
nursing 2, 6, 12 young respectively for 21 days. 

® Standard error of the mean. 


PPSXILTS AXD DISCUSSION 

Lipid content of livers of rats fed a natural ration. The 
results obtained with the rolled oats — casein ration are suni- 
marized in table 2. Comparison of the data from gi'oups 
la, lb and 2 indicate that during pregnancy there was only 
a slight, statistically non-significant (P = > 0.10) increase 
in the lipid content of the livers. During lactation, however, 
the lipid content of the livei’s remained in the range of values 
found in non-lactating littermates of the same age (compare 
groups 3a, 3b, and 3g with group Ic). If it is assumed that 
the lactating lats at parturition had the same content of liver 
lipids as their littermates (group 2) which were killed shortly 
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after parturition, tliere vas in all three lactating groups a 
statistically significant decrease in concentration of liver 
lipids ; (comparing groups 3a and 3b -svitb group 2, P = <0.01; 
comparing group 3c -with, group 2, P = < 0.02) . Evidently 
even the heaviest stress of lactation, vrhen supported by an 
adequate diet did not induce fatty livers. In the mothers 
which nursed 6 or 12 voung, there was, however, a significant 
(P = < 0.01) increase in the mass of the liver, not accounted 
for by increased proportions of water and lipid. The livers 
of all groups had essentially the same concentration of solids. 
Even during the heaviest lactation the mothers gained weight. 
Poo et al. (’39) observed that the weight p£ the livers of 
rats increased during pregnancy but not during lactation 
whereas Field et al. ( ’42) found an increase both in pregnancy 
and lactation. Beauvallet (’53) observed fatty livers in a 
small proportion of rats killed at the end of lactation. Beaton 
et al. ( ’54) found that the absolute size of the liver increased 
during pregnancy of rats. 

The amount and composition of the diet consumed can have 
a profound effect on the liver fat in pregnancy. Thus, Fer- 
guson (’54) observed that pregnant sheep fed on a high 
]ilane of nutrition had normal livers whereas those on a low 
plane of nutrition developed fatty livers, associated some- 
times with toxemia of pregnancy (Parry, ’54). Himsworth 
( ’47) found that the stress of pregnancy can induce gross fatty 
infiltration of livers of rats fed diets which contain just 
sufficient choline and casein to prevent fat accumulation in 
non-pregnant animals. Instances of fatty and enlarged livers 
associated with pregnancy have also been observed among 
Africans subsisting on diets deficient in protein ("Woodruff 
’ 51 ). _ 

Lipid content of livers of rats fed protein-free amino acid 
rations. Table 3 presents a summary of the results obtained 
with 5 different protein-free rations. In young growing rats, 
rations AA^ and AAir, produced a temporary accumulation of 
liver fat ” but as the animals became older the lipid con- 

* Hnllnnpcr and SchuUzc, iinpiibliphed data. 
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centration ^vas only slightly higher than that fonnd in rats 
fed an adequate ration. The results obtained with groups 
1, 4 and 10, table 3, which included rats that aborted, lost 
their young shortly after birth, or nursed only one or two 
young indicate that during pregnancy a marked increase 
of the lipid content of the liver had not occurred. In 
contrast to this, however, all gi-oups which were subjected 
to a strong stress of lactation and then killed, showed an 
increase in the size and particularly in the lipid content 
of the livers. When the diet contained only 10 amino acids 
(group 2), this increase was particularly striking even though 
the amino acids were furnished at a higher level than in 
ration AA15 containing 16 amino acids (group 5). An in- 
crease in the fat and energy content of the ration did not pre- 
vent fatty infiltration of the livers (compare groups 5 and 8) 
while an increase in the amino acid content from 12.2 (group 
5) to 18.3% (group 7) increased the relative size of the livers 
and their lipid content. A further increase of the amino 
acid content of the I'ation to 24.4% failed to prevent enlarge- 
ment or fatty infiltration of the livers (group 9). With these 
diets the hypertrophy and fatty infiltration of the liver is 
clearly the result of the stress of lactation because within two 
weeks after weaning, the size and fat content of the liver 
decreased towards normal levels as indicated by comparing 
groups 2 and 5 with groups 3 and 6 respectively. Coincident 
vith the increase in fat content of the livers there was also 
an increase in the absolute and relative amounts of non-fat 
solids, presumably protein. The moistui*e content of the 
livers decreased, however, with increasing liver fat. The 
temporary hypertrophy and fatty infiltration of the livers 
apparently did not inflict permanent damage because many 
rats fed the same rations had several successive pregnancies 
and lactations and their young had a very low rate of mortality 
(Schultzo, ’56). 

The reason for the development of fatt>’ livers during 
lactation is not clear at present. Doubling of the methionine 
content of the ration did not prevent the condition, which may 
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be I’elated to a pltysiological imbalance of tbe ratios of the 
amino acids (Harper cl al., ’54) altbongli tbe “essential 
amino acids” in rations AAjr,, AAjc, AAi 7 and AAm iverc 
present in relative proportions similar to those found in 
casein. The concentration of the lipotropic factors, methionine 
and choline, in these diets was sufficient to prevent fatty livers 
in mature rats which were not lactating. The development ol 
severely fatty livers during lactation illustrates strikingly 
that a ration which is satisfactory for the growing or mature 
animal may be quite inadequate to prevent pathologic changes 
in tissues when the metabolic economy of the organism is 
subjected to temporary severe stress. 

SUMMARY 

1. Rats fed protein-free amino acid rations develojjcd 
hypertrophied and severely fatty livers under the stress of 
lactation. After lactation the concentration of liver lipids 
decreased. 

2. When lactation of rats was supported by an adequate 
diet some hypertrophy of the liver was observed but the lipid 
content of the liver decreased. 
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It was previously reported (Scliultze, ’55) that rats fed 
protein-free rations containing 16% of a mixture of the 10 
“essential amino acids” or 12.2% of a naixture of 16 amino 
acids could rear their young with a relatively low mortality. 
The young, however, had subnormal weaning weights and 
the mothers lost much weight during lactation. In addition, 
the young born to mothers fed the amino acid rations failed 
to grow at a normal rate even though suckled by foster mothei's 
fed a natural ration. It appeared that the rations then used 
were qualitatively or quantitatively inadequate to support 
satisfaetoiy lactation. Although a few animals of the Pj gen- 
eration of rats fed protein-free rations reared their young, 
there was no assurance that successful reproduction and lac- 
tation could be supported by such rations for further gen- 
erations. 

This work was, therefore, extended through the P4 genera- 
tion. Moreover, the adequacy for reproduction and lactation 
of rations containing ditferent levels of 16 amino acids was 
studied through three generations and comparisons were made 
with a ration containing 11 amino acids. 

E.XPEniMF.XTAL 

Auimah. The sti'ain of rats and their management were 
the same as previously reported (Scliultze, ’55). Some of 

' P.^per no. 3312 Scientific Journal Scries. Minnesot.a .\picultural Eij>erim> nt 
Statioji. 
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tlie rats were offspring from mothers feci protein-free arnino 
acid rations, as indicated in the tables, wliilo those identified 
as P generation were horn to mothers fed a riition containing 
84:% of rolled oats and 6.5% of crude casein and the mixture 
of lipids, salts, and vitamins descrihed elsewhere (Ilallanger 
and Schultze, ’56). These rats were weaned when 21 days old 
and then fed the amino acid rations while those horn to 
mothers fed the amino acid rations were weaned at 2S days 
of age. The size of the litters was never reduced. The mothers 
were housed with males immediately after weaning the first 
litter. 

Rations. The composition of the amino acid mixtures I and 
II,- containing 10 and 16 amino acids respectively, has been 
previously reported (Schultze, ’55). lilixture TIT, containing 11 
amino acids, was patterned after mixture IT with the follow- 
ing modifications; (1) glycine, DL.-alanine and nn-aspartic acid 
were replaced hy equimolar quantities of trglutamic acid; 
(2) L-tyrosine was replaced hy an equimolar quantity of i>n- 
phenylalanine ; (3) L-cystinc was replaced hy two times its 
molar quantity of oij-methioninc. With these mixtures, the 
rations were compounded as shown in table 1 of the preceding 
paper (Hallanger and Schultze, ’56). Ration AAjs contained, 
per kilogram, 191.2 gm of amino acid mixture ITT, 718.8 gm 
of sucrose and the salt, vitamin and lipid components of ra- 
tion AAio. 

BESULTS AKB DISCUSSIOX 

Reproduction and lactation of rats fed 10 amino acids. 
Table 1 includes a summary of the observations made with 
the Fs (group 1) and the F^ (group 2) generations of rats 
fed ration AA4 containing 15.9% of a mixture of the “essen- 
tial amino acids’’ plus 5.2% of diammonium citrate. Of 25 
rats, only one failed to conceive ; the others delivered 42 litters 
mth a mean of 6.1 young. There w’as one abortion and two 
rats died shortly before parturition. The weight gains during 

' The isoleucine Tvas stated by the manufacturer to contain 'L-isolcucine, 50%, 
with D-alloiso]eiicine, 50%. 
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tlie pregnancy Avere below normal particularly in tlvc Fj gen- 
eration in whicli only 5.4 young Avero born per litter. Except 
in the first litters of the Fa generation the mortality of the 
young Avas Ioav. Their mean 28-day Aveight gains Avcre small, 
particularly among the larger litters (group 2) and the mean 
total Aveight of the litters at that time ranged from 162 to 198 
gm. Since some of the young, in small litters, reached a 2S-day 
weight of 51 gm, the limited AA^eight gains of most of the 
suckling rats appear to be due to insufficient amounts of milk 
seci’eted by the mother. There aa’us no eAudenco of gradual 
deterioration of reproduction and lactation AA’ith succossIa'c 
litters or g’enerations. 

Reproduction and. lactation of rats fed 11 amino acids. The 
total amount of the “essential amino acids” and other sources 
of nitrogen in the ration are not necessarily the main deter- 
minant of the nutritiA^e A’alue of protein-free rations. This is 
demonstrated by the results obtained AA’ith group 3, table 1, 
AA’hich AA’as fed, after AA’eaning, a ration containing 12.8^ of 
a mixture of the “10 essential amino acids” plus 6.3% of 
L-glutamic acid as a source of additional nitrogen. These 
animals made gi’eater AA’eight gains during pregnancy, they 
bore and raised larger litters and the mean total AA’eight 
(287 gm) of the litters at 28 days of age AA’as 58% greater 
than that (176 gm) of the litters of mothers in groups 1 and 
2 AA’hose ration contained 15.9% of the ‘ ‘ essential amino acids. ’ ’ 
This may be due to more effectwe utilization of the nitrogen 
from Lr-glutamic acid than from diamraonium citrate although 
the total amount of nitrogen contributed by amino acids aa'us 
similar in both cases, 2.02% in ration AA^ and 2.19% in ration 
AAi 8 . It is more likely that the relathm proportions of the 
A/'arious amino acids in ration AAis AA'ere more suitable. The 
molar I’atios of the A^arious amino acids to tryptojDhan (see 
Plodin, ’53) in rations AA 4 and AAjs are respectiA^ely : ar- 
ginine 1.17 and 2.67 ; histidine 2.65 and 1.99 ; isoleucine 7.79 
and 11.2; leucine 6.23 and 10.64; methionine 4.11 and 5.79; 
phenylalanine 5.57 and 7.58; threonine 8.58 and 7.42; valine 
12.2 and 13.6; lysine 7.23 and 4.6. Of these, the relative 
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amounts of metMonine and plienylalanine appear to l)e of 
minor importance because in I'ation AAic wbicb supported 
a performance similar to ration AAjs, tbe corresponding 
molar ratios -were 3.62 and 4.84 respectively. Since tbe abso- 
lute amounts of histidine, isoleueine, methionine, threonine, 
phenylalanine, tiyptophan, valine and lysine are ^eater in 
ration AA4 than in ration AAis, ^hile those of arginine and 
leucine are 35 and 16% smaller respectively, it appears that 
a qualitatively “better balance” among the various amino 
acids is primarily responsible for the better reproduction and 
lactation supported by the amino acid mixture HI. 

Reproduction and lactation of rats fed 12.2% of a mixture 
of 16 amino acids. Previous observations with a few animals 
(Schultze, ’55, table 4, group 8) had suggested that rats born 
to mothers fed 12.2% of a mixture of 16 amino acids incurred 
a very low mortality. Repetition and extension of this work 
witJi larger numbers of animals, covering tAvo litters each 
from a parental and tAvo successive filial generations confirm 
the preliminary observations as summarized in table 2. In 
comparison Avith groups 1 and 2 (table 1) the Aveight gain of 
the mothers during pregnancy aa-rs in most instances higher ; 
tile Aveaning AA'eights of the young AA'ere essentially the same 
but the loss of A\-eight of the mothers during lactation aa-rs 
much greater. Most of the Aveight loss occurred during the 
first 7 days after parturition at a time Avhen milk production 
is not at a maximum. The mean Aveight gains of the second 
litters Avere ahvays gi’eater than those of the first litters. 
There Avas no evidence in successive pregnancies or genera- 
tions of a progressive deterioration of the ability to repro- 
duce or lactate. 

Although ration AA,.-, contained only 7.47% of the “essen- 
tial amino acids,” the reprodueth'e performance and lacta- 
tion Avere not inferior to those ohserA’cd AA'ith ration AAi Avhich 
contained 15.9% of the same amino acids. The mean total 
2S-day Aveight of the litters from all gi'oups fed ration A A 
Avas 194 gm compared to 176 gm observed Avith ration AA4. 
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TMs again suggests lliat the “balance” of the amino acids 
was better in the mixture II. 

The effect of increasing the amino acid content of the ra- 
tion. Since the small weight gains of the young and the lai’ge 
weight losses of the mothers during lactation may have been 
the result of a suboptiinal intake of amino acids, the effect 
of increasing the amino acid content was investigated witli 
4 groups of rats. During growth, the first pregnancy and 
lactation group 7 (table 3) was fed ration AAk, ; during this 
time the animals represented a replication of the experiments 
with group 4 (table 2) and the results obtained were vei'y 
similar. Immediately after weaning of the first litter and 
throughoirt the second pregnancy and lactation, the rats of 
group 7 were fed ration AAjo which contained 50% more of 
the amino acid mixture II. During the second pregnancy, 
these rats made greater weight gains, their young attained 
about 50% greater weaning weights and the weight losses 
of the mothers were smaller. This superior reproductive and 
lactation performance was maintained through two filial gen- 
erations, namely in groups 8 and 9 (table 3). Although the 
mean 28-day weight of the young of the generation was 
smaller than observed in the Pi generation (group 8), this 
cannot be interpreted as a progressive deterioration of the 
lactation with successive generations because the mean total 
weight of the litters in both pregnancies of each group was 
essentially the same, 300 to 329 gm. When the amino acid 
content of the ration was increased to 24.4% (group 10, table 
3) the nutritive value of the ration was not further increased 
as measured by the weight gains during pregnancy, survival 
and total mean total weight of the litters at Aveaning (290 to 
299 gm) or the weight change of the mothers during lactation. 
The number of litters available in these experiments was too 
small for valid application of more critical methods for evalu- 
ation of lactation (Schultze, ’54). 

The effect of five non-essential amino acids on reprodtiction 
and lactation. A comparison of the results obtained Avith 
group 3 (table 1) and group 9 (table 3) Avhich AA’'ere comprised 
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of littermates permits evaluation of tlie combined eflects of 
alanine, aspartic acid, tyrosine, glycine and cystine on the 
nutritive properties of the ration. The rations of both groups 
were identical with respect to total nitrogen and the amounts 
and proportions of 8 of the “essential amino acids”; in the 
ration of group 3, n-glutainic acid was substituted for equi- 
molar quantities of alanine, glycine, and aspartic acid; ])henyl- 
alanine was similarly substituted for tyrosine and two moles 
of methionine replaced one mole of cystine in the ration of 
group 9. In both groups, the mortality of the young was low, 
there was no significant difference in weight gains during 
pregnancy or of the suckling young of the first litters which 
contained about the same mean number of young weaned in 
both groups. The second litters in group 9, however, reached 
significantly higher (P < 0.01) weights in 28 days. In addi- 
tion, the mothers in group 9 lost much loss weight than those 
in group 3. The presence of glycine, alanine, aspartic acid, 
cystine, and tyrosine in the diet appeared to sup])ort somewhat 
better lactation and eased its stress on the mother. 

The high percentage of young weaned during several gen- 
erations fails to support the view (^loruzzi ct ah, ’54; Piccioni 
et ah, ’51) that unknown compounds associated with proteins 
are essential for survival of the young rat. 

The effect of increased lipid content on the ration. Pose et 
al. (’54) have shown that young men fed amino acid diets 
require a high caloric intake for the maintenance of nitrogen 
equilibrium. Since the rations used in the present and pre- 
ceding (Schultze, ’55) studies contained only 37c of a lipid 
component, 6 rats from group 5 were fed, immediately after’ 
birth of the third litters, ration AA ,7 in which 100 gm of hy- 
drogenated vegetable fat ^ replaced 100 gm of sucrose per 
kilogi’am of ration AAjr,. All of the 40 young born survived 
and reached a mean 28-day Aveight of 31.0 gm compared to 
30.2 and 31.5 gm attained by the young of the first two litters. 
During lactation the mothers lost a mean of 25.8 and 39.3 gm 
m 7 and 28 days respectively. The addition of fat and the 

" Criseo. 
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increased caloric density failed, therefore, to support better 
lactation or to ease its stress. 

PosUweaning iveight gains. None of the rations supported 
maximum post-weaning weight gains. When an adequate nat- 
ural ration is fed to this strain of rats, the females gain about 
120 gm, the males about 180 gm in 6 weeks after weaning. The 
mean weight increments in grams in 6 weeks of the various 
groups fed amino acid rations were.- group 1, 65.0; group 2, 
82.6; group 3, 93.4; group 4, 109; group 5, 95.2; group 6, 88.6; 
group 7, 105; group 8, 95.1; group 9, 104; group 10, 98,2. 

Among the rats fed the 12.2^ amino acid rations, those 
of groups 4 and 7 whose mothers received the natural ration 
made significantly greater weight gains (P < 0.02) than those 
of groups 5 and 6 whose mothers consumed amino acid rations. 
The best comparison of the growth response can he made with 
groups 3, 9, and 10 which were comprised of Uttermates. The 
rats fed a ration containing 18.3% of a mixture of 16 amino 
acids (group 9), made 6-week post-weaning weight gains that 
Avere significantly greater (P < 0.05) than those receiving 
only 11 amino acids (group 3). The weight gains of group 
10 fed 24.4% of a mixture of 16 amino acids ivere intermediate 
between those of the other two groups, but not significantly 
different. 

Similar comparisons Avere also made AA'ith groups of 9 to 
10 males that AA'ere Uttermates of the females of groups 3, 9, 
and 10. Those fed ration AAic and AAio made the same mean 
0-AA'eek gains, 147 and 146 gm, Avhile those fed ration AAi* 
gained only 129 gm, a significantly smaller amount (P < 0.01). 
Although young rats consuming the amino acid rations di- 
rectly did not consistently increase their daily Aveight by more 
Ilian 2.5 gm (females) to 3.5 gm (males), many litters had 
total daily Aveiglit increaments of more than 10 gm throughout 
the poviocl Avhen they subsisted solely on the milk of mothei*s 
fed amino acid rations. Under the proper stimulus for food 
consumption, such as induced by lactation, these rations can. 
therefore, support far greater synthetic activity in the organ- 
ism tliat is apparent from the Aveight gains of the indiAndunl. 
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Other ohservaiions. The difference in tables 1 to 3 between 
the number of mothers and the number of litters born alive 
in each pregnancy is due to the occurrence of a few resorptions, 
abortions or maternal deaths siiortly before or after par- 
turition or to failures of the animals to conceive. The inci- 
dence of such occurrences was highest, 5 out of 47 cases, in 
gi’oups 1 and 2; in groups 4 to G, it was reduced to 5/89; in 
groups 7 to 9, it was O/GO; and in group 30 there was one 
a or ion. Excluding abortions, the number of young born 
dead was very small in all groups. The moan weights of the 

young at birth in groups 1 and 2 were 4.8 gm, in the other 
groups o.O gm. 

With all of the amino acid rations, the livers of the mothers 

^ enlarged and very fatty during lactation. The 

gg„ ^ observation will be reported 

separately (Hallanger and Sclmltze, ’.5G). 


suMjrAiiy 

vations containing mixtures of 10, 11 or 

Sroxvfh, hvo preg- 

successivefiliil'L^ ” nislJiiicG for os long ns i 
ioration of H ' witlioiil ovkloiice of grndnal defer- 

2 A r° , or laclafio,, porforraanco. 

supported 12 . 27 ^; of mixture of 16 amnio acids 

3. T ? “ossential amino acids.” 

16 amino acids ^was unxtnre of 

further i„crcaso.?24 4rM , ™' ’’ 

lactation. ‘ ‘‘'ded to improve reproduction or 

tyrosine and cystinp^^? Sb’cine, alanine, aspartic acid, 
lactation but whpn ossential for reproduction or 

lactating mothers was ? the loss of weight of 
5- The nutritiv • decreased. 

1*7 the relative pronorP ^ P^’otein-froe ration is affected 
present as wpU -r '^'’hich the individual amino acids 

as by the absolute amounts. 
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6. l^one of the rations used vas completely adequate for 
optimum preweaning or postiveaning weight gains of the 
young or for the prevention of fatty livers during lactation. 
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Little agreement exists in the literature regarding n-trvp- 
tophan utilization by the chick. In 1914 Grau and Ahnquist 
reported that chicks could not utilize n-tryptophan. "Wilkening 
et al. (’47) suggested that some of the n isomer was available 
to the chick and in 1947 Wilkening and Scliweigert reported 
the utilization of o-tiyptophan to be from 17 to 40%. Anderson 
et al. { ’50) reported that, when glucose was the carbohydrate 
in a niacin-deficient diet, o-tryptophan was not utilized. YThen 
starch served as the carbohydrate source, however, utilization 
of the D isomer occurred. It was postulated by these workers 
that the use of starch permitted a type of intestinal mici’ofloi-a 
which could invert the D form. IVilkening et al. ( ’47) and Wilk- 
cning aud Scliweigert ( ’47) used starch as the source of carbo- 
hydrate. Almquist (’52) has suggested, on the basis of the 
work of Anderson et al. (’50) that the original report (Grau 
and Ahnquist, ’44) was correct in indicating no utilization of 
D-tryptophan by the chick inasmuch as conversion by the micro- 
flora can scarcely be considered utilization of the isomer by 
the animal body. West et al. (’52) reported that both isomers 
of tryptophan were equally well utilized by the chick. How- 
ever, these investigators supplied such a very small amount 
of the total tryptophan as the d isomer that much doubt is 
cast upon the validity of their conclusions. 

' Tlu' icportPil in tliis nrn tnVicn from .-i thesis submitted to the 

Graduolc College of the I’niversitv of Illinois by the senior .author in parli.al 
fuirillmeiit ef the rcfiuiromouts for the degree of Doetor of Philosophy in Anim.al 
Nutrition. 
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In every instance in vliich n-tryptophan lias been studied in 
the chick, the dl mixture has been used as the source of the n 
isomer. In the case of an amino acid -whose d isomer is ])oorly 
utilized, gro-wth exporimenls are not sufficiently sensitive to 
demonstrate differences when the un mixture is used. This 


may explain much of the discrepancy ivliich i 
the literature. 

T.MILK 1 

Composition of basal dirt 

s apparent in 

CON.STITVKKT 

amount 

Corn, ground yellow 

G' 

00.92 

Casein, hvdrolvzed * 

IS.OO 

Gelatin (technical gra<lt‘; 

12.24 

Corn oil, refined 

3.00 

Salts = 

5.34 

Choline Cl 

.20 

DL-Methionine 

.30 

Vitamins “ 


Total 

100.00 


Hy-caso, a salt-free product of Shcnield Clic.uical Comj.aiiv, Iiic., Xorwicli. 
Xcxv York, devoid of tryptophan. 

= Glista (’51). 

^ (“g/l'g diet): Tliiainiue-HCI 100; nicofiiiic acid 200; riboflavin 
16 0; Ca-pantoUienate 20.0; vitamin B., 0.02; pyridoxinc-llCl C.O; biotin 0.60; 
° para-aminobcnzoic acid 2.0; menadione 5.0; ascorbic 

0, 600 1 0*?’’'^ 10,000 I.U.; vitamin 


The study reported herein was undertaken in an attempt to 

clarify further the extent to which D-tryptophan is utilized bv 
the chick. 

experijiextal 

The diet used (table 1) contained hydrolyzed casein = and 
le niajoi protein sources, at the same levels as 

Tti/l 1 

mated t stemmed from the results of re- 

peated tiials in Avliich dextrin, cerelose and ground yellow corn 

= See footnote 1, table 1, for a description of this product. 
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iverc used singly and in combination. In eveiy instance the 
use of corn as the carbohydrate source promoted superior 
growth. The reason for the superior performance of the corn 
diet is not evident. Apparently corn adds something to this 
diet which is otherwise lacking but whether this is an uniden- 
tified factor, an improvement in palatability, an improved 
amino acid balance or some other factor is not clear. This 
diet contains approximately 0.036% of tryptophan, 

Male chicks originating from a mating of Xew Hampslure 
males to Columbian females were used in all trials. They were 
housed in battery brooders equipped with raised wire floors. 
Feed and water were supplied ad libitum. In experiments 1 to 
4 inclusive, tryptophan was added to the basal diet at the 
expense of corn. These chicks were placed on the experimental 
diets immediately after hatching. The chicks injected ivith 
trj’ptophan (experiments 5 to S) were I’eared on a complete 
natural-tj’pe diet for 14 days, then weighed and randomly 
allotted to the various treatments by weight. They were then 
fasted for 12 hours, fed the tiyptophan-deficient diet for 72 
hours and then subjected to the vai'ious treatments to which 
they had been allotted earlier. The injections were given sub- 
cutaneously in the neck region eveiy three hours, with the 
exception of the 3 : 00 a.m. injection. Thus the daily allotment 
of tryptophan was provided by 7 injections. Physiological 
saline was used as the carrier. 

In order to establish that L-tiyptophan was not a contam- 
inant of the samples of n-tryptophan " used, two different anal- 
yses were performed. These were rotation of plane-polarized 
light and a microbiological assay using S. foecalis. 

Oral ochmmsiralwn of injplophan. The initial experiment 
Avas designed to provide information which would serve as 
a guide for later experiments. Accordingly the basal diet was 
supplemented with 0.2. 0.4 and 0.6% of n-tryiiiophan. If d- 
tryptophan were not used, no growth would be expected; if 

•Tlir .’uitliors .'iri' pr.-itoful to Mon.-’.-jiito Oicmic.il Conip.mv. v.Iio, tliroiijrh the 
rourfp^pv of T)r. Konnclli provifled rao5t of tho tryptojdian in this 

vtuily. 
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utilized at apiu'oximately 40% of tlie h isomer, opt innim 
growth would be expected at between O.-l and 0.0% ; if utilized 
as efficiently as the l isomer the 0.2 level would be expected 
to give optimum growth. None of these possible results ma- 
terialized (table 2). Instead, only slight growth resulted at 


TABLK 2 



Crrotvf// of chieJss fed D- or liL'tyiiptoph 

an 


EXPERIME.NT 

KO. 

group 

hUri’nE.MEXT TO nASAI. 

AVllRAOi: M T. 

7 clay* 14 day* 




•nn 



1 

0.2% D'tr.n^tophrui 

4S 

50 

1 (5y 

2 

0.4% D-trrptophan 

o4 

03 


3 

0.0% D-tryptopliau 

58 

73 





1 6 da3*s 


1 

Xone 

47 

51 


o 

0.2% D'tryptophan 

51 

58 


n 

o 

0.4% i)-tryptoplmn 

50 

62 


4 

0.0% D-tryptophan 

57 

75 

2 (5) 

5 

0.8% D-tryptophaii 

04 

97 


0 

1.2% D-tryptophan 

07 

105 


7 

1.0% D-tr\^)toplian 

01 

no 


S 

0.4% DL'tryptophnn 

72 

100 





l-l days 


3 

Xone 

45 

47 


o 

1.8% D-tryi)toplian 

71 

124 


3 

2.1% D-tryptoplian 

08 

131 

o 

4 

2.4% D-tryptophan 

00 

124 


5 

2.7% D-tryptophan 

05 

120 


G 

0.4% DL-tryptophau 

05 

144 


1 

None 


48 

4(15) 

o 

2.1% D-tryptophan 


CO 


3 

0.4% DL-tryptophan 


133 


‘ Figures Avitliiu parentheses indicate the imnibcr of chicks per experimental 
group. 


the 0.2% level and while the 0.4 £fnd 0.6% levels caused step- 
wise increases, growth on the 0.6% level was still fai’ below 
a normal value. 

When, these points were plotted they fell on a straight line 
and analysis of variance revealed the regression sum squares 
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to be liiglily significant. Least squares calculations and ex- 
trapolation revealed tbat a cbick veigbing 140 gm at two weeks 
would require 1.8% of n-tryptopban. Since only three points 
were available, and since tbe fine was extended beyond tbe 
data, tbe 1.8% value can be regarded -witb some skepticism. 

In tbe second experiment n-tryiitopban was suppHed at 0.0, 
0.2, 0.4, 0.6, 0.8, 1.2, and 1.6% and a positive control receiving 
0.4% DL-tryptopban was included. Once again tbe graded re- 
sponse noted in tbe first experiment was evident. Tbe fitted 
line bad a bigbly significant regression sum squares and ex- 
tending tbe fine indicated tbat 2.6% of n-tryptopban would be 
necessary in order to demonstrate growth equal to tbat ob- 
tained with DL-tryptopban. 

In tbe third experiment n-tr^Titopban was present at 0.0, 
1.8, 2.1, 2.4 and 2.7% of tbe diet. Tbe results show tbat maxi- 
mum growth was obtained when n-tiyptopban was provided 
at 2.1% of tbe diet. It is evident, however, tbat tbe differences 
between tbe 4 lots supplemented with n-tryptopban are very 
small. If only these data were available one might be justified 
in concluding tbat 1.8% of tbe n isomer would promote maxi- 
mum growth in the chick. "Wlien consideration is given to 
tbe second experiment with the suggested value of 2.6% of 
tbe D isomer for maximum growth, it seems safer to use tbe 
2.1% level as the tentative minimum requirement on this diet. 
Fitting a straight line to these data revealed a nonsignificant 
slope and a curve did not reduce tbe error mean square so 
tbat, statistically, it was impossible to establish a difference 
between any of these values. 

Tbe growth on tbe 2.4 and 2.7% levels of n-tryptopban, 
while below that of tbe 2.1%, does not indicate a toxic effect of 
n-tryptopban. This lack of toxicity of the n isomer at high 
levels is in agreement with work by Van Pilsum and Berg ( ’50) 
and in disagreement with a report by Albanese and Irby ( ’43). 

It is realized tbat the optimum level of n-tryptopban may in 
reality be less than tbe 2.1% level. To establish this point 
with more certainty would require a more elaborate experi- 
ment. It seemed reasonable, however, using a larger number 
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of chicks, to establish that 2.1% of D-trypto])han woukl cause 
chicks to gi’ow as avoII as tliose receiving an ndequale amount 
(0.2%) of the L isomer. Tlierefore in tlie Ith experiment n- 
tryptophan was present at 2.1% and ij-tryi){o])lian was pro- 
vided in excess of the 0.15% required, by tlie use of' 0.4% of 
the DL-mixture. Tliese data leave little doubt tliat with this 
diet the n isomer, if provided in sufficient quantity, can be used 
by the chick for the synthesis of body tissue and this synthesis 
occui’s at a rate comparable to that of chicks fed the n isomer. 

Parenteral administration of tryptophan. Tlie finding that 
oralty administered n-tryptophau was jioorly utilized by the 
chick, suggested the feasibility of investigating the reason 
for this inefficiency. Possible reasons for this inefficient util- 
ization are: (1) The body tissue is unable to freely metabolize 
the D isomer or, more precisely, is unable to efficiently convert 
the D form to the n foimi, or (2) the animal lacks the ability 
to absorb this amino acid efficiently, or (3) the animal body 
cannot use the d isomer and the high requirement reflects the 
inefficient conversion of the n isomer by the intestinal micro- 
flora. 

Wliile the literature contains evidence that n-lysine is not 
attacked by n-amino acid oxidase (Klein and Handler, '41; 
Ratner et ah, ’43; Neuberger and Sanger, ’44), such is not the 
ease with D-tryptophan. This suggested that inefficient con- 
version vuthin the body was not likely to be a major factor. 
In contrast to this, difficulty in the absorption of the n-isomer 
has been reported for many amino acids. 

Early work had indicated no difference in the absorption of 
the v^ious isomers (Berg and Baugess, ’32 ; Chase and Lewis, 
, eatherstone and Berg, ’42). More recent studies by 
Lribson and "Wiseman (’51) question the validity of this view- 
poin . ^ hese workers reported the existence of a specific 
mec anism for the active absorption of the L-amino acids. 

se ■\\ as ma e of ligatured loops of rat’s intestine in vivo and 
13 ammo acids were studied. In addition Wiseman ( ’51) found 
by in vitro technique, in which isolated rat intestine was used, 
that the L-isomers of several amino acids were transferred 
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against a concentration gradient •^hile tlie corresponding d 
isomers were not. In 1953 Agar et al. reported similar findings 
witli tlie h and d isomers of phenylalanine and liistidine. 

"While these investigations suggested the possibility of some- 
what similar studies in the present work, the parenteral ad- 
ministration of the D isomer seemed to offer additional ad- 
vantages, It was felt that if the intestine were hy-passed an 
answer to (1) and the first part of (3) could he obtained as 
well as some information as to the absorption of the n isomer. 


TABLE 3 

irciffht and ffain of individual chicJ:s receiving 70 mg of 'L^tryploplian daily l)y 
injcciiou every three hours — Experiment 5 


SrPPLKMEXT 

TO CASAt. 



TIME IN* JIOrRS 


0 

24 

48 

72 

96 



Weight 



gm 

gm 

gm 

gm 

gm 

L-tryptophan 

175 

185 

195 

201 

202 (27)’ 

L-tryptophan 

182 

202 

208 

212 

230 (48) 

L'tryptophan 

190 

208 

217 

225 

238 (48) 

L'tn-ptophan 

188 

201 

211 

216 

223 (35) 

Xonc 

179 

180 

178 

177 

179 ( 0) 

Xonc 

197 

197 

198 

196 

194 (—3) 

Xouo 

173 

174 

171 

170 

m (-2) 


' Fifrurrs witliin parent hoses represent gain or loss in weight from zero time. 


lielatively litle work has been done with regard to the iii- 
joeiion of individual amino acids. Jackson (’27), Alcock (’34) 
and Yeshoda and Daniodaran (’47) reported that injected 
tryploplian failed to support growth. On tlie other hand du 
Vigneaud et al. (’32, ’35 ’36) found that rats gained weight 
if given tryptophan by injection. These papers provided little 
information as to tocliniques and it was thus necessary to 
carry out several preliminary experiments before adopting 
the procedure described earlier. 

The initial work was carried out by injecting the l isomer. 
Typical results with individual chicks are given in table 3. In 
the preliminary work the level of 70 mg per day was used be- 
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cause it represents the calculated amount of L-tryptoplian 
required daily by chicks of the size used. The residts shoAved 
clearly that the subcutaneous injection of n-tryplophan pro- 
moted growth in the chick. 

Since the ultimate aim of this study was to compare the 
utilization of the injected n and n isomers it was necessary to 

TABLE -1 

Growth of chicks injected ct'crif three hours ivith n- or ]ririfptophan 


timk in* irouRp 


KXPERIMEKT 

KO. 

GROUP 

TREAT>rEN'T 

0 

2 >: 

48 

72 

ac 





\vvi;:ht 





fjm 

17 m 

pm 

pm 

pm 


1 

Xone 

140 

14G 

147 

14G 


6 (10)' 

- 

70 mg L-tryptophan/cliick/day 

148 

IGl 

IGO 

17G 



3 

70 mg n*tryptophan/chick/(laY 

153 

157 

1G2 

1G5 



1 

None 

170 


1G2 


158 


o 

35 mg L-tryptoplian/chiek/tlay 

170 


182 


192 

7 (6) 

3 

70 mg L-tryptoph an/chick /(I ay 

171 


ISO 


209 

4 

105 mg L'tryptophan/chick/day 

172 


193 


213 


5 

140 mg L-tr^'ptophan/chick/day 

171 


100 


210 


G 

175 mg L*tryptophan/chick/day 

170 


188 


212 


1 

140 mg D'tryptophan/chick/day 

211 

210 

219 

223 



o 

175 mg D-tryptophnn/chick/day 

210 

21G 

ooo 



8 (6) 

3 

210 mg D'tryptophan/chick/day 

207 

210 

220 

23G 


4 

245 mg D-tryptophan/chick/day 

211 

223 

234 

245 



0 

280 mg P-tryptophan/chick/day 

211 

OOJ 

230 

230 



G 

91 mg L*tr;i*ptopIian/chick/day 

210 

223 

233 

24G 



Figures within pnrentlicsos indicate the iiuni])er of chicks per experimental 
group. 


establish the requirement for both isomers for o]jlimum 
growth Avhen administei’ed by the injection technique. First, 
however, it seemed desirable to establish that the n isomer 
was utilized by the chick when given parentorally. xVccord- 
ingly an experiment was performed in which tlie l and n 
isomers were provided at 70 mg per day. Table 4 (experiment 
6) contains the relevant data. A highly significant a'rowth 
response resulted from the injection of the n isomeiC 
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The results make it necessary to re-evaluate much of the 
previously reported vrork. Contrary to the conclusions dravm 
by Anderson et al. (’50) and Almquist (’52) the tissues of 
the chick can, apparently, metabolize and use n-tryptophan 
for growth. 

A further point worthy of note is that this gi'owth resulted 
on a level of n-tryptophan equivalent to the level used for n- 
tryptophan. In contrast, when a level of n-tryptophan is fed 
which is equivalent to the fed L-tryptophan requirement, no 
growth results. This would suggest that inefficient conversion 
within the body is not the major cause for the extremely high 
requirement for n-tryptophan when given per os. It also sug- 
gests that, while the niicroflora may be necessary for the 
utilization of the orally administered n isomei*, this is not 
because of an inability on the part of the tissues to convert 
the n isomer. In view of these results the very high require- 
ment for oraUy administered n-tryptophan appears to be due 
to the fact that this form is absorbed very inefficiently, if at all. 

The utilization of parenterally administered n-tiyptophan 
by the chick having been established, it was possible to de- 
termine the requirements for the l and n isomers when given 
by injection. For the determination of tlie injected n-tiyp- 
toplian requirement, graded levels of the n isomer were given 
ranging from 35 mg per day to 175 mg per day. The residts 
of experiment 7 are given in table 4 and figure 1. 

A line fitted, to the fii'.'^t three arrays had a highly signifi- 
cant slope while the slope of the line fitted to the last two 
arrays was non-significant. Calculation of the point of in- 
t<Tcci)t revealed an injected L-tryptophan requirement of 
approximately 91 mg per day. On the basis of the food con- 
.smnption for the three highest levels it is calculated that the 
amount of i..-tryptophan required per day would bo 46 mer. 
ITcncc it ap]iears that tlie procedure used douldes the chick’s 
recpiirement for this amino acid. 

A similar procedure was followed in the Sth experiment in 
estimating the requirement for n-tryptophan by the injection 
technique. The levels ranged from 140 to 230 mg of n-tryp- 
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tophan per day increinerLts of 35 mg per day. In addition 
group 6 was injected with L-ti-yptophan at the level previously 
determined as the requirement. 

Probably the first point of interest is that growth obtained 
by the use of the n isomer was equivalent to that noted when 
the L isomer was used. This demonstrates that the chick’s 
tissues can convert enough n-tryptophan to meet at least 80% 
of its requirement for this amino acid because, as pointed out 
earlier, the basal diet contained approximately 0.036% of 
ir-tryptophan which is equivalent to approximately 20% of 
the chick’s requirement for this amino acid. 

A quadratic equation (fig. 2) describing the data indicated 
a requirement for injected n-tryptophan of approximately 
236 mg per day. A curve was used in this ease because of the 
decreased growth on the highest level of injected n-tryptophan. 

In addition to growth experiments a nitrogen-balance study 
was conducted and although the results are not presented the 
data showed clearly that the injection of n- or n-tiyptophan 
caused a highly significant inci-ease in nitrogen retention. 

DISCUSSIOX 

The data of experiments 2 to 4 indicate that the unsupple- 
mented diet provided try]otophan only slightly in excess of 
the maintenance requirement of chicks of this size. In order 
to obtain optimum growth on this diet 0.15% of L-tryptophan 
must be added (IMorrison, ’55). To obtain equivalent growth 
with the D isomer 2.1% is required which is 14 times the n- 
tryptophan requirement. This points up a weakness inherent 
in the use of the dl nnxlnre for establishing n isomer utiliza- 
tion. In this case, if one were comparing 0.14% of n-trypto- 
phan to 0.2_S% of urntryptophan, it would bo the equivalent 
of comparing 0.14% of the l isomer to 0.149^0 of the n isomer. 
Snell a small difi’erence cannot be detected by the usual ox- 
IH’rimental technique. Moreover, use of the racemic form 
makes it dilficult to estimate the ability of the animal to con- 
vert the r» isomer beyond 50% of its requirement for that 



58 


W. D, MORRISOX AXU OTHERS 


amino acid. The other 50% is pvoseiil as tlie h lorm since the 
Dii mixture provides essontiall)* equal aTiiounts ol the two 
isomei-s. Thus expressing tlie utilization of the n isomer as a 
percentage is o]oen to question unless the condilions under 
which the utilization was determined ai-e described. 

As a result of this work it can be stated that when the diet 
contains approximately 0.036% of tryplopban (38% of the 
L-trjqatophan requirement) as the isomer, the n form will 
cause optimum growth if provided at 14 times the supple- 
mental L-tryptophan requirement. On this basis the activity 
of the D isomer is only 7% of that of the i. form. This study 
strongly suggests that in a diet free of the h isomer, the n form 
could be used as the sole source of this amino acid because, 
in this diet, it is replacing 0.15% of L-tryptophan. On a diet 
in which cerelose or dextrin replace corn, the total L-trypto- 
phan i-equirement is approximately 0.15% (Fi.sher et ah, M5; 
Griminger, ’55). Nevertheless it cannot bo stated that the n 
isomer can meet the entire tryptophan requirement until a 
diet, devoid of tryptophan and giving satisfactory growth, is 
used. Work in this laboratoiy has indicated that in a diet 
containing dextrin as the cai’bohydrate source, and thus free 
of trjqitophan, the n isomer does support good growth. Suf- 
ficient work has not been done, however, to establish that, on 
such a diet, the n isomer would support growth equivalent to 
that promoted by the l isomer. The fact that the n isomer is 
utilized, even though none of the l isomer is present, is in 
contrast to work by Celander and Berg (’53a) who reported 
that, in the mouse, the presence of the l isomers was nccesary 
in order for the n isomers of tryptophan and histidine to be 
utilized. 

These results provide support for those who have previ- 
ously reported utilization of orally administered n-tryjitophan 
by the chick. The disagreement between these results and the 
17 to 40% suggested by Wilkening and Schweigert (’47) may 
reflect the larger amount of the n isomer being converted in 
the present study. 
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As pointed out earlier, tlie approacli taken to this problem 
precluded associating the entire cause of tbe inefficient ntilma- 
tion of u-tryptopban witb ineffective absorption. It does seem 
■most probable, bou'ever, that this step is tbe primary impedi- 
ment in tbe utilization of this d isomer. That it is not due to 
tbe lack of ability on tbe part of tbe tissues to convert tbe d- 
isomer to tbe l form appears e\ddent. This is assmning, of 
course, that tbe d isomer is converted to tbe n form before beiag 
built into body tissue, as bas been sbo%ni for D-bistidme by 
Conrad and Berg ( ’37) and as suggested by tbe vork of Walser 
ct al. (’50). 

IVitb tbis consideration in mind this study i3rovides an 
answer to (1) and tbe first part of (3) listed earlier, namely, 
that tbe body tissues are able to utilize n-tryptopban and can 
do so efficiently. 

Tbis is very clearly seen when one comj^ares tbe require- 
ments of D- and Lrtryptopban when fed and when administered 
parenterally. When these isomers are fed tbe ratio is ap- 
proximately 14:1 and when they are injected tbe ratio is 
decreased to approxunately 2.5 : 1. On tbe basis of tbe food 
consumed and tbe per os i-equirement of 2.1^^, those chicks 
receiving tbe n isomer by injection should have required 
420 mg D-tryptopban per day. Instead of this, however, tbe 
requirement was approximately 236 mg per day. On tbe same 
basis the lrtryptopban requirement should have been 48 mg 
per day but was shown to be 91 mg per day. Thus tbe injection 
technique decreased tbe chick’s total requirement for the n 
isomer and increased its total requirement for tbe i isomer. 
These facts seem to be most readily explainable on tbe basis 
of a block in the absorption of tbe n isomer. Tbis is in agree- 
ment witli work in the rat Ijy Gibson and Wiseman (’51), 
Wiseman (’51), Agar et al. (’53). 

If absorption is tbe answer to this problem it is still im- 
possible, on tbe basis of these data, to say whether the chick 
cannot absorb the n isomer at all or can absorb it onlv in- 
cllicicntly. If tlic former is true, the growth resulting from 
high levels of orally administered n-tiyptophan must he due 
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to conversion of the D-isomcr to the n form within tlie in- 
testinal tract, probably by the microflora. If the latter sup- 
position is correct the microflora may or may not play a role 
in its utilization. Work by Anderson ct al. (’50) suggests 
that the microflora is indeed important in this regard. If the 
microflora is acting in this way, however, it is only because the 
D-tryptophan is not I'eaching the tissues in sufficient quantity 
and not due to an inability on the part of the tissues to utilize 
this isomer. The nonessentiality of the microflora for utiliza- 
tion of D-histidine by the rat has been shown by Celander and 
Berg (’53b), 

The greater requirement for injected n-tryptophan over the 
injected L-tryptophan undoubtedly reflects the loss of the 
former during conversion. As cited by Krebs (’51) the most 
active site for n-amino acid oxidase is in the kidney. It is prob- 
able that some loss of the keto acid occurs during its trans- 
portation from the kidney to the liver. 

The injected D-tryptophan gave no evidence of being toxic, 
except for the highest level, despite the relatively large 
amounts given. Abderhalden and Tetzner (’35) found that 
intramuscularly injected D-alanine caused a severe reaction 
in pigeons. Albanese and Irby ( ’43) felt their work showed 
that the d isomers of certain amino acids were toxic. Several 
others workers have failed to support the conclusions of Al- 
banese and Irby and Van Pilsum and Berg ( ’50) found the n 
isomer of methionine to be the more toxic. 

Wretlind (’52) has pointed out that when the utilization of 
a D-amino acid is studied, the presence of other amino acids 
in the d form should be considered. The diet used in this pre- 
sent study contained 0.30% of DL-methionine but how im- 
portant this was in this instance cannot be stated. 

SUMMARY 

The utilization of orally administered D-tryptophan Avas 
studied using growth as the criterion. A diet containing ap- 
proximately 0.036% of tryptophan was supplemented \vith 
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graded levels of tlie d isomer. The restdts suggest that c-tryp- 
tophan, if added to the diet of the young chick in suflacient 
quantity, vill promote growth comparable to that obtained 
by the use of the l isomer. The approximate supplemental 
requirements on this diet for orally administered l- and n- 
tryptophan are 0.15 and 2.1% respectively. The utilization 
of the D isomer as found in this study indicates a supplemental 
requirement for the nii mixture of approximately 0.28% of 
the diet. 

Chicks approximately 17 days of age receiving a tryptophan- 
deficient diet were provided with n- or u-tryptophan by means 
of subcutaneous injections. Growth and an increase in nitro- 
gen retention resulted when either isomer was given. The 
approximate requirements for 3> and n-tryptophan when ad- 
ministered in this way are 91 and 236 mg/chick/day respec- 
tively. This work shows that the chick can utilize the d isomer 
vdthout the assistance of the microflora and suggests that 
inefficient absorption is the cause of the very high requirement 
for orally administered n-tryptophan. 
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Cholesterol-fed male rats have shovm greater variations in 
liver cholesterol with different levels of protein intake than 
have females (Okey and Lyman, ’51, ’56). In young rats, 
the sex differences became apparent at the time when males 
showed the heightened food consumption and growth rate 
associated ^vith the attainment of puberty. Moreover, they 
were most marked when the diets contained barely enough 
good protein to support optimal growth if the total food (and 
hence calorie) consumption was high. An investigation seemed 
indicated, to test whether the sex difference was the result 
of a specific hormone effect or only a corollary of the differ- 
ence in food intake and growth rate of males and females. 
Human males are knovm to have a higher incidence of dis- 
eases associated with abnormal tissue cholesterol deposition, 
whereas human females (as well as female rats) tend to have 
higher serum cholesterols than males of the same age and 
diet groups (Gillum et ah, ’55). It was therefore also con- 
sidered desirable to find out something about the relationship 
between circulating and stored cholesterol. 

‘ Supportorl in pnrt by prnnt-in-aid H-IOIS, Nntionnl Heart In.stihite, S. 
Depart lucnt of lIcnUb, Education and W’olfare and by funds appropriated 
under the Rc.^^carch and Market inp Act of 194 C as part of W'estem Regional 
Experiment Station Project 

* Presented at the Atlantic City Mcotinp of the Federation of Societies for 
Kxperitnentnl Biolopy, April 1950. 
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EXPKIUMKXTAL 

Two studies Avere carried out. For the first, 6 groups of 
10 150-gm male rats each were studied. Three were placed 
on the 15% casein-egg albumin diet Avith 1% cholesterol, pre- 
Adously described^ (Okey and Lyman, ’56), and three on the 
corresponding 30% protein diet. Two of the groups fed each 
diet AA'cre castrated, and the third sei’A’^ed as intact controls. 
One castrate group on each diet AA-as given 0.05 mg estradiol 
benzoate in sesame oil, by subcutaneous injection, three times 
Aveeldy; the other aa'us gwen sesame oil only. All Avere fed 
ad libitum. Weights and food intakes Avere recorded. Hor- 
mone dosage began three days after castration. Three Aveeks 
later the rats Avere autopsied, and the Iwers and adrenals Avere 
prepared for analyses as preAuously described (Okey and 
Lyman, ’54). 

The second study A\ms undertaken because the mai’ked di- 
minution of food intake and groAvth rate produced by the 
hormone indicated a need for more data concerning the effect 
of the quantity of food ingested. For this second study, 110 
additional male rats Avere used. Two-thirds of them Avere 
castrated at 150 gm. They Avere grouped as intact controls, 
castrate controls, and hormone-dosed castrates. Half of each 
group was fed the 15% protein diet, half the 30%. Rats of 
the hormone-dosed castrate subgroup fed 30% protein Avcre 
used as pacemakers. TAvo-thirds of the rats from the tAvo in- 
tact control groups, the tAvo castrate control groups, and the 
hormone-dosed castrate group fed 15% protein Avere given 
only the mean daily amount of food consumed by the rats of 
the pacemaker group. In each diet group, the remaining third 
of the rats Avas fed ad libitum. The hormone dosage AAms one- 
third loAver than that gh^'en in the first study. After three 

“The percentage composition of the diets was as follows: (a) **lo% protein^*: 
egg albumin, 10; vitamin-free casein, 5; fat (Priincx), 13.5; sucrose, G4.5; 
salts, 4; fat soluble vitamin mix, 1; vitamin mix, 1; cholesterol, 1; (b) 

“50% proici7i*\‘ egg albumin, 25; vitamin-free casein, 5; fat (Primex), 13.5; 
sucrose, 49.5; salts, 4; fat-soluble vitamin mix, 1; vitamin mix, 1; 

cholesterol, 1. 
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weeks’ dosage, tlie rats were sacrificed. Procedures for au- 
topsy and tissue analyses were those previously used, except 
that blood was collected at decapitation. Serum and tissue 
phospholipids Avere determined by the method of Fiske and 
SuhharoAV (’25). 


RESULTS AND DISCUSSION 

In the two studies, there was little difference between the 
mean food intakes and growth rates for the corresponding 
groups of ad libitum-fed rats. GroAvth data for those of the 
second study, as shoAvn in figure 1 may therefore be considered 
typical for all tbe ad libitum-fed animals. 

Gains of control rats Avere slightly greater AA'ith the 15% 
protein diet than Avith the 30%. Castrates ate a little less 
and grcAV somewhat less aa'cII than did intact controls. But 



KiK. I Mc.nii growth cun-os for the rat proup? of the second ftwjr. iJnes 
hrohcn at tlio etuis represcut animals fed ad libitum. 
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tlie only really significant differences ^vere shown by the hor- 
mone-dosed animals. These ate from 75 to 85% as much food 
as the undosed castrates ; hut the corresponding weight gains 
ranged from 33 to 40% and 31 to 45%, respectively, of those 
of the ad libitnm-fed rats on the 15 and 30% protein diets 
(fig. 1). The decrease in hormone dosage in the second study 
had no significant effect either on the food intake or on weight 
gains. Pair-fed intact and castrate rats gained approximately 
twice as much as their hormone-dosed littcrmates with the 
same food intakes. 

The lipid and cholesierol dola for the matched ad libitum 
and pair-fed rats of study 2 are given in table 1, lAlhile the 
detailed data for the first study are omitted, the fact that 
the proportionate differences in lipids and cholesterol between 
the corresponding ad libitum groups in study 1 were much 
the same as those given in the table deserves mention. This 
is so because two-thirds of the rats used in study 2 were pair- 
fed — i.e., each ad libitum subgroup consisted of 6 to 8 rats, 
while the pair-fed groups were made up of 12 to 14 rats each. 
The consistency of the findings for the additional subgroups 
of 10 ad libitum-fed rats each in study 1 therefore assumes 
some signifieance. (Actual figures for the two studies were 
not averaged, both because of the difference in hormone dosage 
and because, inadvertently, different batches of fat were used 
in the diets for the two studies.) 

In both studies, the intact, ad libitum-fed males given 30% 
protein had significantly lower liver cholesterol than did those 
fed 15% protein. Castrates fed the hvo levels of protein ad 
libitum showed smaller differences in liver cholesterol than 
did the corresponding groups of intact males, but slightly 
greater differences than had been observed in females of the 
same age and diet groups (Okey and Lyman, ’56). The dif- 
ferences in liver lipid and cholesterol, between the two groups 
of ad libitum-fed, hormone-dosed castrates given 15 and 30% 
protein, were not significant. The low liver cholesterols in 
the hormone-dosed rats pair-fed the 15% protein diet may 
possibly have been associated ^vith their disproportionately 
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large initial weiglit loss after castration. However, older 
female rats have been observed in this laboratory to sIioav 
some tendency toward increases in liver cholesterol on long 
continued feeding of high protein diets. 

Most interesting, however, was the contrast between the 
serum and liver lipid values for tlie ad libitum-fed and the 
restricted rats of the corresponding groups. Differences in 
liver cholesterol with differences in the protein content of 
the diet were almost eliminated in the rats with restricted 
food intake. But serum cholesterols were, in each case, higher 
for the restricted than for the ad libitum-fed rats. Values for 
castrates were approximately as much higher than serum 
cholesterols for controls as values for females have been ob- 
served to be higher than those for males. Eats fed 30% pro- 
tein showed a greater increase in serum cholesterol with 
restriction of food intake than did tliose fed 15% protein. 

On the assumption that mobility of circulating cholesterol 
may possibly be related to phospholipid content of serum, 
the latter was determined. Serum phospholipids were found 
to be decreased slightly by restriction of food intake. This 
meant that, for the 30% protein groups, differences in chol- 
esterol-phospholipid I'atios produced by dietary restriction 
Avere statistically significant (p < 0.05 and p < 0.02 for the 
controls and castrates, respectively) in spite of the fact that, 
as noted earlier, the comparison was made on the basis of 
data for the comparatively small groups fed ad libitum in 
the second study. 

Concentration of liver phospholipid Avas higher in the vn~ 
dosed rats receiving 30% protein than in those receiving 15%. 
Restriction of food intake seemed to increase the concentration 
slightly in the intact control and in the castrate rats fed both 
diets. The net result Avas a loAvering of the cholesterol/phos- 
pholipid ratios in the livers of the undosed, restricted rats. 
The extent of this loAA^ering Avas slightly greater in the rats 
fed 15% protein, Asdiere liver cholesterols Avere high in the 
ad libitum groups. In all of the hormone-dosed' rats, hoAveA’^er, 
liver phospholipid concentrations AA^ere Ioav and serum phos- 
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pholipid increases Mere not so great as tlie increases in serum 
cholesterol. The cholesterol-phospholipid ratios with estradiol 
benzoate dosage were, therefore, high and much alike in both 
serum and liver. 

It seems logical, therefore, to consider the hypothesis that 
the effect of the hormones and that of dietary restriction may 
be independent, but that, under some conditions, they may 
augment each other. 

In the intact, pair-fed male controls, presumably, the growth 
promoting and testicular hormones were active. The lowering 
of liver cholesterol, ivith its concomitant increase in serum 
cholesterol, could therefore be attributed to the decreased 
food intake, possibly augmented by some increase in the 
efficiency of cholesterol absorption. 

In the castrates, testicular hormones were absent, but 
adrenal and pituitaiy hormones were functioning presumably 
uninhibited by the sex hormones. Nevertheless, the ad libitum- 
fed castrates had liver eholesterols which were about as much 
lower than those of the intact controls as were their total food 
intakes, a finding which did not indicate any specific effect of 
the lack of testicular hormone on liver cholesterol storage. 

The increases in serum cholesterol with dietary restriction 
were greater in castrates than in intact animals, a result 
Avhich might be explained by the absence of a male-hormone 
effect in lowering circulating cholesterol. The increases in 
serum cholesterol in the estrogen-dosed castrates were, how- 
ever, far greater than those in the undosed castrates "with 
the same food intake (75 to 120%). At the same time, liver 
eholesterols in the hormone-dosed rats remained higher than 
the food intakes and growth rates of these animals might 
lead one to expect. The hormone seemed therefore to have a 
specific effect. It was not, however, clear whether it acted 
by mobilization of dietary cholesterol, presumably for hormone 
production; by stimulation of cholesterol synthesis; or bv 
]n'oducing a decrease in turnover rate which overbalanced the 
effect of decreased food intake on liver cholesterol accumula- 
tion. 
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As one means of testing for evidence of increased mobiliza- 
tion for hormone secretion, adrenal cliolesterols were deter- 
mined (table 2). Adrenal cholesterol concentrations were 
considerably increased by dietary restriction. This change 
reflected differences of only 0.2 to 0.5 mg cholesterol per 

TABLE 2 

Adrenal cholesterol 


(Means ami stamlard errors) 


GROUP AND DIET 

NO. 

RATS 

WT. or 
adi:knai..s 

cnouESTERon 



VI y 

n't. 

ntp 



16% protein 



Control 





Ad libitum 

C 

37.G 

3.48 ± 0.3G * 

1.33 ± 0.19 

Pair- fed 

12 

33.3 

4.75 ri: 0.36 

1.59 t: 0.13 

Casiratc 

Ad libitum 

7 

3S.5 

3.51 ± 0.37 

1.39 t: 0.22 

Pair-fed 

Casiratc hormone 

13 

3G.O 

5.21 ± 0.29 

1.91 ± 0.12 

Ad libitum 

7 

50.8 

4.79 ± 0.2G 

2.41 t: 0.11 

Pair-fed 

12 

44.G 

5.19 It 0.27 

2.32 t: 0.13 



S0% protein 



Conirol 





Ad libitum 

0 

39.9 

3.81 ± 0.51 

1.51 t: 0.17 

Pair-fed 

Castrate 

12 

34.2 

4.G4 ± 0.31 

1.59 ± 0.11 

Ad libitum 

7 

42.1 

3.31 ± 0.2G 

1.43 ± 0.21 

Pair-fed 

Castrate + hormone 

14 

37.9 

4.46 ± 0.32 

1.G8 ± 0.12 

Pacemakers 

13 

49.5 

4.34 ± 0.14 

2.13 ± 0.14 


' Standard error 

\ n(n-l) 


adrenal because of the slightly smaller size of the adrenals 
in the restricted rats. However, the size of the adrenals 
was significantly greater (8 to 14 mg) in the hormone-dosed 
animals, as were the percentage and amounts of cholesterol. 
Whether or not this indicates that administration of estro- 
genic hormone stimulated production of cortical hormones 
from cholesterol, the differences were somewhat larger than 
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those usually found between adi’enals of male and female 
rats. 

The data as a whole indicate that both restriction of food 
intake and dosage ^nth estrogenic hormone are capable of 
altering cholesterol transportation and storage. In both cases 
the primaiy effect seems to be an increase in the circulating 
cholesterol. With restriction of total food intake, this increase 
is greater when the diet is high in protein. With estrogenic 
hormone, serum cholesterols were so high that relation to 
diet became doubtful. 

That the increase in cii’culating cholesterol can take place 
at the same time that liver cholesterol stores are depleted 
adds one more reason for doubting the value of serum 
cholesterol determinations as an index of tissue cholesterol 
retention. The fact that serum cholesterols were consistently 
increased by restriction of food intake, Avhich meant restriction 
of cholesterol intake as well, also raises some questions of 
interpretation of data. 

^McMillan et al. ( ’54) have reported increases in serum 
cholesterol with lowering of food intake in rabbits dosed with 
set amounts of cholesterol. They found no increase in the 
incidence or severity of atherosclerosis in their underfed 
animals. Rabbits are rated as more likely to show tissue 
cholesterol deposits in response to cholesterol feeding than are 
human beings, but rats are especially resistant to development 
of cholesterol lesions. It should be interesting to follow, 
at frequent intervals, the circulating cholesterol level in human 
atherosclerosis patients who are cousimiing high protein diets 
a.^? a means of controlling weight. Also, obviously, correlation 
of autopsy data with dietary histories is indicated. 

^L'MMAEY 

An ad libitum and a pair-feeding study are reported for 
castrated male rats fed l^c cholesterol with 15 and with .307c 
protein. In each case one ca.<trate group was treated with 
estradiol benzoate. 
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Food intakes of the liormone-dosed castrates -were rednced 
one third to one fourth as compared witli ad libitum controls, 
intact and castrate, respectively. However, when undosed 
castrates were pair-fed to those dosed with hormone, they 
gained approximately twice as much. 

The ad libitum intact controls showed the usual higher 
liver cholesterol with the 15 than with the 30% protein diet. 
Variation in liver cholesterol with protein content of the diet 
was less in castrates than in controls. 

In the undoscd rats restricted as to food intake, serum 
clwlesierols were higher and liver choleslerols lower tlmn in 
the ad libitum-fed rats. Tlie increase in serum cholesterol with 
restriction of food intake was greater in the rats fed 30% 
protein. 

Serum cholesterols were very high and adrenal cholosterols 
wei'e increased in the hormone-dosed rats, but liver choles- 
terols for both diet groups were within the ranges of those 
of the intact controls fed 15% protein. Data are discussed 
in terms of relationship of food and cholesterol intake to 
serum and liver cholesterol. 
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' (Received for publication April 6, 1956) 

INTRODUCTION 

Glycine toxicity in the chick can he prerented by the admin- 
istration of high levels of folaein (Naber, SneU and Cravens, 
’52; ilachlin, Lankenau, Denton and Bird, ’52), bnt i't is not 
known whj’' glycine is toxic nor how folaein enables the chick 
to metabolize excess glycine successfully. Folaein is directly 
or indirectly concerned with several metabolic reactions of 
glycine, including conversion to serine (EKwn and Sprinson, 
’50; Broquist, ’49), the synthesis of purine bases and hence of 
uric acid (Sheinin and Eittenberg, ’47 ; Buchanan, Sonne and 
Delluva, ’48) and the incorporation of formate into serine and 
heme (Plaut, Betheil and Lardy, ’50). Pathways not thought 
to be mediated by folaein involve the eonvei'sion 6f glycine to 
creatine (Bloch and Schoenheimer, ’41), glyoxylic acid, or 
oxalic acid (Eatner, Nocito and Green, ’44). Folaein-deficient 
chicks might therefore have a diminished capacity for the 
metabolism of glycine through normal channels, and hence 
toxicity could result either from the presence in the body of 
excess glycine itself, or of a metabolite arising from reactions 

* nith the ajiproval of the Director of the Wisconsin Agricultural 
Kvpcriiuent Station. 

* Rresout Address: Deportment of Poultrv llusbamlry, CIcmson Agricultural 
rollege, Clemson^ South Cnrolinn, 

* IVoM’nt Athlre*:*;: McMiUcu Feed MilD, IV-catur, Indiana. 
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that take precedence when folacin is limiting. In the present 
study measui’ements have been made of likely mctaholilcs in 
the tissues of chicks fed excess glycijie, and attempts made to 
alter the severity of the toxicity with appi'opriatc nutrients. 

EXPEni.MKXTAD 

Day-old New Hampshire X Single Comb White Leghorn 
crossbred chicks of both sexes obtained from dams fed ration 
B-1 of Robblee, Nichol, Cravens, Elvehjem and Ilalpin (’48) 
were reared in electrically heated batteries with raised screen 
floors. Feed and water were supplied ad libitum. Ten to 2.') 
chicks Avere allotted at random to each of the ex]ierimental 
groups. The composition of the basal ration Avas sucrose 600, 
hot-alcohol extracted casein ISO, gelatin 100, DL-methionine 3, 
soybean oil 50, fish oil (1500-A, 300-D) 5, salts V (Briggs, 
Luckey, Elvehjem and Hart, ’43) 60 and choline chloride 2. 
Vitamins Avere added as folloAvs in milligrams per kilogram of 
ration: thiamine -HCl 6.0, idboflaA'in 6.0, niacin 100.00, calcium 
pantothenate 20.0, pyridoxine • Cl 4.0, biotin 0.2, 2-methyl-l,4- 
uaphthoquinone 0.5, alpha tocopherol acetate 3.0, para amino- 
benzoic acid 100.0 and meso inositol 1000.0. Vitamin B 12 '"’as 
supplied in crude form to proAude 50 ng/kg of i-ation. This 
ration did not contain any added folacin. All supplements 
Avere included at the expense of sucrose. 

Blood glucose determinations Avere made A\’ith the anthrone 
reagent as described by Durham, Bloom, LeAvis and Mandel 
(’50). Lhmr glycogen analyses Avere made bj* the direct 
method of Seifter, Dayton, Noauc and MuntA\yler (’50). Uric 
acid Avas measured according to the method of BroAvn (’45). 
Blood glycine levels Avere measured by the method of Alex- 
ander, LandAvehr and Seligman (’45). Para-hydroxyphenyl 
compounds Avere determined in blood serum as described by 
Seydl, Thiele and Boguth (’50) Avith para-hydroxyphenjd 
pyruvic acid as a standard. Tliis latter AAms synthesized and 
purified according to the procedure described by Herbst and 
Shemin for phenylpyruAuc acid ( ’43). Glyoxylic acid AA-as pre- 
pared by the method of Benedict ( ’09). 
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Serum calcium determinations ivere made by tlie Clark- 
GoUip modification of the Kramer-Tisdall method published 
by Hawk, Oser and Summerson (’49). Microbiological assays 
for folacin were made on the liver, Iddney, pancreas and spleen 
of chicks as described by Suude, Cravens, Bruins, Elvehjem 
and Halpin (’50), except that spleen and pancreas samples 
were autolysed at pH 7.0 to secure maximum liberation of 
bound folacin. In one experiment the toxicity of certain com- 
pounds was tested by depositing aqueous solutions directly 
into the crop of the chick with the aid of a syi’inge fitted with 
a small plastic tube. 

RESULTS 

As in pi'evious studies the addition of 5% of glycine to a 
semisynthetic low-folaein diet depressed growth and produced 
symptoms of toxicity such as nervousness, tremors, protrud- 
ing eyes, and occasional paralysis, whereas in the presence of 
folacin there were no symptoms nor was growth affected by 
glycine (table 1). The most significant biochemical changes 
observed were in liver glycogen, which was depressed by gly- 
cine and increased by folacin. Blood glucose, uidc acid, cal- 
cium, and p-hydroxjq)henyl compounds were unaffected by 
either glycine or folacin. Blood glycine was increased about 
three-fold when glycine was fed, but the addition of folacin 
to the diet did not reduce those levels (table 1). Conversely, 
the addition of a toxic level of glycine to a crude practical 
ration failed to depress the folacin content of the tissues, and 
in the liver and pancreas, folacin was actually someivhat 
higher in the birds fed glycine (table 2). 

The specificity of glycine toxicity was demonstrated bv the 
failure of serine to depress growth or to cause any sjunptoms 
of toxicity (table 3; also Xaber et al., ’52) while the growth- 
depressing elTects of alanine and tyrosine were not con-ected 
by folacin (table 3). Furthermore, the birds fed those latter 
acids did not exhibit typical symptoms of glycine toxicitv. 

In other trials a dietary supplement of the creatine pre- 
cursor.s arginine or methionine or both, largely prevented 



The effect of folacin and glycine on hlood and organ levels of various components 



group 1 and groups 2 and 3 ; with blood glycine, between group 1 and groups 3 and i. 
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the toxicity symptoms of glycine, but did not restore the 
growth of the glycine-fed chicks. 

Two per cent of sodium formate caused a small increase in 
growth when added to the folacin-deficient basal ration in 
each of three trials (table 4), hut showed no beneficial effect 

table 2- 


Folncin content of organs from chieVs fed glycine 


SUPPLEMENT 
TO PRACTICAL 
TVPE RATION 
(Exp. C*5) 

AV. 

‘WRIGHT 

(ATTER 

10 DAYS) 


AVERAGE FOLl.\CIN CONTENT * 

(atc/cm fresh tis.sue) 


Liver 

Kidnev 

PanerMs 

Spleen 


Qm 





Xone 

357 

7.1 = 

1.9 



lO^c Glycine 

302 

12.3 = 

1.9 

■9 


' Kach rahio represents fjie nrorage of 15 determinations. 



'Analysis of variniice iiirlicntes differences statistically significant at 

1% level. 



TABLE 3 




Kfjfct of glycine^ DL-.srriiH 

, PL-a/o7iinc and ij-tyrosine 

on chid: growth 

‘'Urri.EMKNT TO n\S.\L RATION 

AV. WEIGHT at 2 MT:KK>' 

GLYCINE 

Folacin 

Amino arid 

Trial 

G8 

Trial 

Cl 2 

Trial 

C-11 

TOXICITY' 

SYMPTOMS 



ffm 

ffm 

Qm 



Xouc 

9G 

SI 

75 



5.0 Glycine 

69 

57 

55 

Ves 


5.0% DL-Serine 

92 



Xo 


5.0% DL- Alanine 


59 


Xo = 


5.0% L- Tyrosine 



56 

Xo 

10.0 

Xono 

127 

9.3 

9S 


10.0 

5.0% Glycine 

o 

Cl 

101 

91 

Xo 

10.0 

5.0% Di.*Soriuc 

12G 



Xo 

n».o 

5.0% Dl.-Alnnine 


70 


Xo* 

10.0 

5.0% L-Tyrosin<‘ 



04 

Xo 


* Slow jj.Minf nl 


in the presence of added folacin. Larger quantities of sodium 
formate were found to be toxic and did not respond to folacin 
supjfieinentation. Furtliermore, dietary formate failed to in- 
fluence the toxic effect of glycine. 

Figure 1 suggests a relationsliip between dietary riboflavin 
and glycine toxicity. AYliile growth on tlie glycine-containini,' 
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ration was poor at all riboflavin levels, symptoms of glycine 
toxicity were less severe at the lower levels of riboflavin. 

The effects of single doses of glycine, glyoxylic acid and 
oxalic acid on chicks are shown in lalfle 5. Glyoxylic acid and 


-BASAL + GLYCINE + FOLACIN 


ABASAL + FOLACIN (10 MG /KG ) 



^BASAL + 5% GLYCINE 


MG OF RIBOFLAVIN PER KG OF RATION 

Fig. 1 Effect of dietar 3 ’ riboflavin level on glycine toxicity (exp. C-IC). 
Minus sign (— ) indicates absence of toxicity, plus sign (4*) indicates presence 
of toxicity symptoms and severity of symptoms is indicated by increased number 
of plus signs (4'4-) or (4- 4-4-). 


oxalic acid proved to be toxic in smaller amounts than glycine, 
but with symptoms different from those produced by glycine. 
Dietary folacin failed to protect the chicks against glyoxylic 
or oxalic acid, but as usual helped the chicks withstand an 
otherwise lethal dose of glycine. 
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The feeding of ascorbic acid, niacin, riboflavin, pyridoxine, 
vitamin Bio, and alpha tocopherol in addition to the quantities 
of these vitamins contained in the basal ration had no effect on 
glycine toxicity where folacin-deficient rations were employed. 


TABLE 4 

Effect of sodium formate on chicJ: growth and on glycine toxicity 


CROUP 

SUPPL-EMEN'T TO BASAL, BATIOK 

AV. WEIGHT 

AT 2 WEEKS 

GLYCIXE 

KO. 

Folacin 

Glycine 

Xa formate 

Trial 

C-14 

Trial 

C'15 

Trial 

C-16 

SYMPTOMS 


mg/hg 



gm 

gm 

gm 


1 




83* 

95* 

79 * 


2 


5.0 


59 

71 


Yes 

3 



2.0 

93 

104 

94 


4 


5.0 

2.0 


G7 


Yes 

5 



4.0 

80 




G 

10.0 



320 

325 

127 


7 

30.0 

5.0 


105 

112 



8 

30.0 


2.0 

lOG 

315 

139 


0 

30.0 

5.0 

2.0 


107 



30 

10.0 


4.0 

85 





* Analysis of variance, combining three trials, indicates diiTerences statistically 
sigiuficant at 1% level between group 1 and groups 3, G and S. 


TABLE 5 

Effect of dietary folacin on the toxicity of glycine, ghjoxyUc acid and oxalic acid 
given in a single oral dose 

(Exp. C-17) 

R.\SAt. 10 3IC rOnACI-V/KO 


no.'in 

AS 'Tr or 
nonv \\ riGHT 

fTc Survivors 
(48 hours 
aftf’V 

treatment) 

,\v. Rain 
or Io«.s in 
wcicht of 
survivors 

77 Survivors 
(48 hours 
aft/r 

treatment ) 

Av, Rain 
or los^ in 
weicht of 
survivors 



pm 


pm 

Xone 

100 

4- 14 

100 

-f 21 

Water 

300 

34 

100 

4- 21 

0,5^ Glycine 

100 

4 3 

o 

o 

4- 32 

1.0*^ Glycine 

0 


SO 


0.1^7 Glyoxylic acid 

CO 

*— 5 

GO 

— 5 

Glyoxylic acid 

0 


0 

0.1 Tr Oxalic arid 

0 


G 


O.er;- Oxalic .acid 

0 


0 
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DISCUSS rox 

The present experiments do not settle tlie question as to 
why glycine is toxic, nor do they reveal exactly how folacin 
counteracts this toxicity. They do, however, restrict the pos- 
sibilities somewhat. The toxicity does not appear to he due 
to high levels of blood glycine per sc, since the levels of blood 
glycine were as high in normal chicks fed glycine and folacin 
as in abnormal birds fed glycine supidements alone. 2^or was 
the effect one of inducing a folacin deficiency, since tissue 
folacin was at least as high in the glycine-fed birds as in the 
controls. The specificity of glycine toxicity is apparent from 
the fact that the sjTnptoms were not duplicated by alanine or 
tyrosine nor by the metabolites serine, formate, oxalic acid 
or glyoxylic acid. j\Iost of these latter substances dcpi'cssed 
growth, but depression was not corrected by folacin. 

The non-toxicity of serine is particularly suggestive. Serine 
contributed as much excess metabolizable nitrogen as glycine 
and lienee the adverse effect of the latter can hardly be as- 
cribed to an overloading of the mechanism for nitrogen elim- 
ination (uric acid production). Purthei-more, the ready con- 
version of glycine to serine (Elwyn and Sprinson, ’50), a 
reaction that requires folacin, raises the possibilitj’’ that tliis 
might be a major means by which excess glycine is metabo- 
lized. Tottex’, Kelley, Day and Edwards ( ’50) incubated radio- 
active glycine ivith liver homogenates from folaein-deficient 
chicks and recovered 42% of the activity in isolated glycine 
and 23% in serine. "Wlien normal chick liver homogenates 
were employed, only 15% of the activity was found in glycine, 
but 36% was found in the isolated serine. The high levels 
of folacin required to counteract glycine toxicity, and the pres- 
ent finding that folacin levels in liver usually increase with 
glycine feeding all suggest that the excessive quantities of 
glycine might be removed by conversion to serine. However, 
in the present experiments the extent of this type of removal, 
as pointed out previously, was not sufficient to decrease the 
levels of blood glycine, and the symptoms of toxicity would 
therefore seem best explained as the result of alternate meta- 
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bolic products that accumulate ivhen the couversion of glycine 
to serine is impaired. A glycine oxidase which requires flavin- 
adenine dinucleotide has been found in mammalian tissues 
(Ratner, Nocito and Green, ’44), the immediate product being 
glyoxylic acid, which can go to oxalic acid by an aldehyde 
oxidase. If these systems were of significance in the chick, 
they might help explain why symptoms of glycine toxicity 
were more severe when dietary riboflavin was increased, even 
though the specific symptoms were not duplicated when toxic 
levels of glyoxylic and oxalic acids were given oraUy. It is 
of interest that variations in the other vitamins tested did not 
modify the toxicity of glycine. 

SUMMARY 

1. Although symptoms of glycine toxicity in chicks were 
prevented by folacin, dietary glycine failed to depress the 
folacin content of the tissues, nor did folacin depress the level 
of glycine in the blood. Liver glycogen was depressed by gly- 
cine and elevated by folacin ; blood glucose, uric acid, calcium 
and 2 )-hydroxphenyl compounds were unaffected by either. 

2. Unsuccessful attempts to simulate glycine toxicity with 
possible metabolites included the administration of oxalic acid 
and glyoxylic acid, while the simultaneous feeding of glycine 
and formate failed to alter the course of glycine toxicity. The 
feeding of methionine and arginine minimized the symptoms 
but failed to restore growth. 

3. Serine was inocuous at levels equivalent to those that 
produced glycine toxicity. Tyrosine and alanine depressed 
growdh without correction by folacin. Preliminary evidence 
suggested that high levels of riboflavin might aggravate the 
the symptoms of glycine toxicity. 
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MUSCULAR DECENEPvATIOA; IN CHICKENS FED 
DIETS LOW IN lUTAMIN E AND SULFUR 

L. .1. JIACHLIX= AND "U*. T. SHALKOP 
.'igricnliural liesearch Service, U. S. Department of Agriculture 
Beltsville, Maryland 


(Beceived for publication February 13, 1956) 


During a study on sulfate metabolism (Maeblin, ’55), wliite 
striations were observed in the muscles of tbe breast and the 
legs of young chickens fed diets low in sulfur. The lesions 
resembled those reported by Dam et ah, (’52). In the studies 
presented here the protective effect of cystine and vitamin E 
reported by these Danish workers was confirmed. In addition 
the effect of methionine and the antioxidant diphenyl-p-phenyl- 
enediamine (DPPD) in the prevention of the muscular de- 
generation and the negative or slight influence of variety of 
other compounds are reported. 


EXPEHIMENTAU 

In each exijeriuieut, day-okh New Hampshire X Silver Corn- 
ish crossbred female chicks were fed the basal diet for one 
week. They were then weighed, divided into groups of ap- 
pro.xiinately equal weight distribution, and fed the experi- 
mental diets for thi'oo weeks. The birds were reared under 
electrically heated broders in wire-floor cages in an air- 
conditioned room. At the end of the experiment the birds were 
killed and the muscles examined and scored for severitv of 
muscular degeneration. Tissues for histological examination 

’ A pn'lnniiuir^ report nppe;lr^ in Poultry Sci,, : 1209 (1055>. 

•Tbi*' project was supporti A in part by tbo Unitc-1 States Atomic Energy Com 

im'-vion. 

' Vrt'^f'UX Morjvnnto Cneniiral Company, Sf. Lou:*: 4, Mi«eouri. 

57 



88 


L. J. MACHLIX AND W. T. SHADKOP 


were dissected immediately after death and placed in Sfo 
formalin. 

The basal diet which contains 15% casein and 10% gelatin 
as the protein sources, is essentially the same as that used 
by Gordon and Sizer (’55), with 2.62 gm !MgCO.-i, 0.37 gm 
MnCh and 0.045 gm copper acetate replacing the correspond- 
ing sulfate salts. 

This diet contains about 0.54% of methionine, 0.06% of 
cystine and no appreciable sulfate S. This is less than the 
recommended level of 0.8% of the sulfur-containing amino 
acids considered necessary for optimum growth of the young 
chicken (Almquist, ’52). All diets were stored at 2° C. and 
mixed freshly for each experiment, 

RESULTS 

Experiments 1, 2 and 3. The original purpose of experi- 
ments 1 and 2 was to determine whether the addition of 
sulfate S to a low-sulfur diet would stimulate the early growth 
of the chick. These data are reported elsewhere (jMachlin, 
’55). In these experiments the basal diet contained 4% of 
cottonseed oil and 10 mg/kg of alpha tocopheryl acetate. 

At 4 weeks of age most of the birds fed the basal diet had 
white parallel striations in the breast muscle in the direction of 
the muscle fibers. Occasionally these lesions were seen in the 
leg muscles. Other skeletal muscles were affected only rarely. 
llGien examined histologically, it was observed that there wei’e 
wide linear areas of degeneration involving several adjacent 
muscle fasiculi which accounted for the white or light colored 
bands noted grossly. The degeneration Avas a Avaxy or hyaline 
tj’^pe characterized by fragmentation, hyalinization, loss of 
striation, multiplication of sarcolemnal cells, infiltration by 
heterophil cells and clumping of fibers into eosinophilic masses. 
There Avas some calcification in specimens Avith a more seA^ere 
reaction. Both degeneration and regeneration Avere apparent 
in single tissues. For instance, in a part of one specimen thei’C 
Avas no cellular reaction in some areas but A'^ery diffuse atrophj’’ 
and disappearance of the muscle fibers and cells. In other 
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parts of this specimen there was active regeneration with 
proliferating muscle nuclei. 

No significant changes were observed in specimens of 
gizzard or heart muscle or of liver, kidney, pancreas or spleen 
tissues from chickens with severe muscular degeneration. 
No evidence of encephalomalacia, edema or exudative diathesis 
was seen. Moreover, the birds showed no signs of weakness of 
the leg or breast muscles. Mortality was low in all experi- 
ments. 

TABLE 1 


Incidcncr of mu},cn}ar degeneration in 4'tL'eel:-old chicl:s fed a diet 
conloining cottonseed oil 


SrpPKKMKNT 


rXPKRIME.VT 


1 • 

2 ^ 

3 = 

Xonc 

23/25 

12/17 

9/10 

Xa^SO^, 0.5% 

10/11 

6/17 

6/10 

PL-Methioninc, 0.3% 

1/15 

0/16 

1/10 

L'Cystine, 0.3% 



0/10 

dl, a-Tocophcryl acetate, 

40 lugA’g 



0/10 


‘ Bnsal diet contains 4% cottonseed oil (Wesson oil} and 10 mg/kg of dl alpha- 
tocophcryl acetate, 

'Basal diet contains 4% cottonseed oil, but no supplemental vitamin E. 

^ Xuinerator is the number of chicks showing grossly visible muscular degenera- 
tion (wliite strintions) ; the denominator is the number of chicks examined in each 
group, which in almost all cases nl.‘^o represents the number of survivors. 


In the first two experiments there was a high incidence of 
muscular degeneration in chickens fed the basal diet which 
was almost completely prevented by tlie addition of 0.3% 
of DL-inethionine (table 1 ). Since this diet contains a substan- 
tial amount'* of vitamin E (32 I.U./kg), it was first thought 
that degeneration was due to a simple methionine (or evstine) 
deficiency. However, the muscular degeneration did appear 
similar histologically to that reported for vitamin E-deficient 
animals (Pnppenheimor, *43) and therefore the eltect of a hinh 
level of vitamin E was tested in the third c.vperiment. In 
this and sovornl subsequent experiments, it was cleai-ly de- 

‘ oil ;dphn*tocr>phrryl vnbu'*' ui Ibnrri^ ct nl, (MO). 
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monstrated that muscular degeneration could be completely 
prevented by an adequate dietary supplement of vitamin E. 
It Avould appear possible that the vitamin E found in cotton- 
seed oil is not completely available to the chick or that the 
dietary requirement of vitamin E for the prevention of 
muscular degeneration is very high. The addition of 0.3% 
of 3>cystine also completely prevented the lesion. When 0.5% 
of sodium sulfate was added there was a slight reduction in 
the incidence of muscular degeneration. All of these observa- 
tions were confirmed in other experiments. 

Experiments with lard as the fat source. In order to reduce 
the vitamin E level of the diet, lard was substituted for 
cottonseed oil. Dam et ah, ( ’52) had found that several 
antioxidants including methylene blue were almost ineffective 
in the prevention of muscular degeneration. In experiments 
4 and 5 DPPD was tested since this antioxidant is reported 
(Singsen et ah, ’55) to be effective in the prevention of 
encephalomalacia. When 0.05% DPPD was added, the in- 
cidence of muscular degeneration Avas not affected appreciably 
(table 2). However, at a level of 0.1% there Avas almost com- 
plete protection and subsequent experiments shoAved that 
higher levels AA'ould give complete protection. The addition of 
40 mg/lvg of the antioxidant Tenox R,° had no effect. 

Removal of fat from the diet or the addition of tryptophan 
had no effect on the incidence or severity of muscular de- 
generation. The data in table 2 also demonstrate that the 
protective action of methionine is not due to any possible 
beneficial effects of increased food intake since birds fed 
a fat-free diet, or a diet containing Tenox-R consumed as much 
feed as those fed methionine and still had severe muscular 
degeneration. 

Inositol had not been included in the basal diet since this 
compound is unnecessary for optimum groAAdh of the chick 
(Machlin, ’49). However, inositol Avas reported to counteract 
vitamin E deficiency symptoms in chicks (Dam, ’44), and 

® Tenox E, Eastman Chemical Products, Kingsport, Tenn., contains 20% bu- 
tylated hydroxy anisole, 20% citric acid and 60% propylene glycol. 
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therefore the effect of this compound on muscular degenera- 
tion "was tested. It Avas found that the addition of inositol to 
the diet had no effect on muscular degeneration (table 2). 
In this same experiment it vras found that the use of a more 
purified type of casein vras also ineffective. 

TABLE 2 


Incidence and severity of miiscidar degeneration in chicles fed a diet 
containing lard'^ 


SUPPLE MEXTS 

IXCIDEXCE 

SEVEP.ITY 

, rEED 

‘ COXSUMPVIOK 

Xone 

31/37 

2.4 

am /chick- 

dl, G-Tocophoryl acetate, 0.01% 

0/25 



DUMetUiouitic, 0,5% 

0/11 


314 

Tenox R, 40 mgAg " 

12/12 

3.6 

308 

Glucose replaces lard 

10/12 

3.2 

309 

DL-Tryptophan, 0.1% 

12/12 

3.2 


Ka.S04, 0.5% 

4/10 

1.0 


EPPD/ 0.05%) 

9/12 

2.0 


DPPD, 0.10% 

1/11 

3.0 


PPPD, 0.257c 

Inositol, 0.5% 

0/13 

11/13 

2.1 


“ Yitamin-free’ ^ casein 

10/12 

2.1 



* Bnsnl contains 4% frcslilv rendered lard. The table is a summary of 4 ex- 
pfrinients. 


* Muscles of the breast for each bird scored as follows^ 1 to 3 white striations 
vi-‘iiblc 1; over 3 striations risible 2; entire breast area containing striations 3; 
most of breast area covered with striations most of which are more than 2 mm in 
width 4. The score for each experimental group is the average of those birds haring 
any evidenco of degeneration. 

* Eastman Chemical Products, Kingsport, Tcnn., contains 20^ butylnted hv- 
droxy anisolc. 20Cr citric acid, GO 9c propylene glycol. 

* Dijihouyl-p-phonylcncdiamine. 


Experimevis with “stripped” lard. In a final attempt to 
roduco the vitamin E level of the diet to a minimum and still 
have a source of essential fatty acids, a lard “stripped” 
of almost all vitamin E activity vas used as the fat source 
in the remainder of the experiments. 

It has been reported by Sclnvarz ( ’.ol) that the liver necrosis 
pvoduood in rats fed diets deficient in vitamin E and sulfur 
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TABLE 3 


Growth and uicidcncc of mumdar degenerniion 

** stripped^ * lard 

of chiclca fed diets containing 

1 

SUPPLKMENTS 


WEIOIIT 

I.VCIUK.VCE 



fjtn (it 4 weeks 


None 


250 

63/94 

E = 


245 

0/21 

Inositol, 0.5% 


258 

19/24 

Thioctic acid,^ 1 mg/kg 


256 

12/12 

Thioctie acid, 2 mg/kg 


271 

3/12 

Thioctic acid, 4 mg/kg 


278 

12/12 

Thioctic acid, S mg/kg 


233 

11/13 

E + 0.5% 


349 

0/12 

E -b 0.5% M 4- 0.5% inositol 


357 

0/12 

E -f 0.5% AI -b thioctic acid, 

1 mg/kg 

364 

0/12 

E -b 0.5% M -b thioctic acid, 

4 mg/kg 

355 

0/12 

Taurine, 0.5% 


247 

10/13 

Taurine, 1.0% 


241 

11/13 

Brewers’ yeast,* 10% 


259 

15/25 

Brewers’ yeast, 20% 


198 

8/13 

Brewers’ yeast, 30% 


144 

5/13 

DL-Metliioniiic, 0.1% 


294 

10/12 

DL-Methioniiie, 0.2% 


306 

5/13 

DL-Methxonine, 0.3% 


322 

1/13 

L-Cy Stine, 0,08% 


290 

7/13 

L'Cystine, 0.16% 


302 

4/13 

L-Cystiiie, 0.24% 


315 

0/33 

DPPD,« 0.05% 


237 

6/11 

DPPD, 0.10% 


243 

2/13 

DPPD, 0.15% 


238 

2/8 

DPPD, 0.25% 


238 

0/13 

Chlorotetvaeyelinc, 0.01% 


290 

8/30 


* Basul coutains 29^ ^^strippod’^ lard. Distillation Prodvicts Industries, Roch- 
ester, N. Y. 500 nig/kg of Tcnox R was added to the lard immediately after 
opening each can. The table is a summary of 5 experiments. 

= 0.01% cll alpha tocojdieryl acetate, M = DL-methionine. 

® Furnished by Dr. E. L. R. Stokstad, Lederic Laboratories, Pearl River, N. Y. 

^ Brewers^ yeast composite furnished by Elsie Singruen, Brewers’ Yeast Council, 
Inc., Chicago, 111., The yeast replaces equal parts of casein and glucose. 
^Equivalent to comparable methionine on a sulfur basis. 

® Diphenyl-p-phenylencdiamine. 
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can be prevented by addition of a factor (Factor 3) present in 
brewers’ yeast. Moreover Scott et al., (’55) fonnd that the 
addition of brewers’ yeast to a diet low in vitamin E prevented 
exudative diatbesis. The data (table 3) demonstrated tbat 
brewers’ yeast at levels as high as 30% did not prevent 
muscular degeneration. A sample of yeast was fed wliicli was 
known to be effective in the prevention of exudative diathesis 
under the conditions employed by Scott et al. ( ’55).® 

The data in table 3 also show that inositol and thioctic acid 
have no effect on muscular degeneration. Moreover they have 
no effect on growth when added to the basal diet or to diets 
containing vitamin E and methionine. Taurine, a sulfur- 
containing compound, was also without effect. 

Chlorotetracycline, which was reported to aid in the preven- 
tion of liver necrosis in rats (Gyorgy et al., ’51) had no effect 
on the development of muscular degeneration in the chicken. 

Methionine and cystine appear to be approximately equal 
in protective activity. This is in contrast to the report 
(Schwarz, ’51) that methionine is only 35% as active as 
cystine for the prevention of liver necrosis. 

hijecfion of DPPD. In order to determine whether the site 
of the action of DPPD Avas in the intestinal tract or in the 
body of the chicken, DPPD was injected. A suspension of 
DPPD in 0.5% Tween-80 was injected into the leg muscle 
throe times weekly so as to supply the equivalent of chicks 
receiving 0.01% or 0.05% DPPD in their ration. The anti- 
oxidant completely prevented muscular degeneration at the 
0.05% level and only two out of S chicks were affected at 
the 0.01% level. It would therefore appear that the primary 
site of its function i.s in the ti.'isues of the body. 

niscrssio.N' 

Although muscular degeneration is not a common mani- 
festation of a vitamin E deficiency in chickens (Pappen- 
heimcr, ’43) it has been observed in ducks (Pappenheimer 

• Scott, M. pcrfonnl coirjtDUT'.jrntioii. 
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and Goettsch, ’34; Gerriets, ’54) and idieasants (Junglierr et 
al., ’49). It appears however from the work of Dan et al. ( ’52), 
and that reported here, that muscular degeneration does oc- 
cur in chickens if the diet is also deficient in sulfur. Since 
it is quite possible that the diets used in the studies with 
ducks were deficient in cystine and methionine it is possible 
that the difference in response to vitamin E-deficiency be- 
tween these species is not as distinct as once thought. 

Our work would indicate that the total requirement for 
methionine and cystine for the prevention of muscular de- 
generation is approximately the same as that required for 
optimum groAvtli. The reduction in the incidence of muscular 
degeneration resulting from the addition of sodium sulfate 
is probably due to the action of sulfate in sparing the requii'C- 
ment of the chicken for the sulfur-containing amino acids 
(Gordon and Sizer, ’55; Machlin, ’55). The protective effect 
of cystine and methionine against muscular degeneration is 
in contrast to the lack of their effect on exudative diathesis 
(Dam et al., ’51; Scott et al., ’55), or of cystine or methionine 
on encephalomalacia (Singsen et al., ’55). 

The addition of brewers’ yeast to the diet did not increase 
growth or affect muscular degeneration, whereas this supple- 
ment did increase growth and prevented exudative diathesis 
under the conditions employed by Scott et al. (’55). The 
reason for these differences is not clear, nor is there any 
obvious explanation for the fact that only muscular degenera- 
tion occurred in chicks fed diets low in vitamin E and sulfur, 
whereas exudative diathesis was observed by the Cornell 
workers in chicks fed diets deficient in these same nutrients. 
It is possible that the Torula yeast used by these workers 
is deficient in ingredients such as Factor 3 or available amino 
acids which are present in a casein-gelatin type of diet, or 
that this yeast contains dietary factors (e.g. fatty acids, 
purines, pyrimidines) which strongly influence the manifesta- 
tion of a vitamin E deficiency. 

The studies presented here show that the requirement for 
DPPD for the prevention of muscular degeneration is be- 
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tween 0.15% and 0.25% of the diet. This is much higher than 
the level of 0.025% found to he adequate for complete pro- 
tection of encephalomalacia (Singsen et al., ’55). DPPD was 
also effective when injected. Although DPPD might function 
by the protection of small amounts of vitamin E present in 
the basal diet or in the tissues of the bird, the studies of Sing- 
sen et al. ( ’55) on the effect of DPPD on blood tocopheryl 
suggest that a dietary level of much less than 0.15% would 
suffice for such a function. Until more is known about the 
mechanism of action of antioxidants, it will be difficult to 
explain how DPPD can prevent muscular degeneration or 
why there is a higher level of this antioxidant needed for the 
prevention of muscular degeneration compared to the require- 
ment for protection against encephalomalacia. 

SrMMAEY 

Chickens fed diets low in vitamin E and sulfur to 4 weeks 
of age developed a muscular degeneration manifested grossly 
as white striations of the breast and leg muscles, and micro- 
scopically as a hyaline type degeneration. >io significant 
changes were noted in the tissues of the gizzard, heart, liver, 
pancreas, kidney or spleen. 

The addition of alpha tocopheryl-acetate, methionine, cys- 
tine, or a high level of diphenyl-p-phenylenediamine (DPPD) 
(0.25%) to the diets completely prevented muscular degen- 
eration. Addition of 0.5 7o of sodium sulfate slightly reduced 
the incidence of muscular degeneration. However supple- 
ments of brewers’ yeast, tryptophan, chlorotetracycline, inosi- 
tol, taurine or thioctic acid had no effect on this pathological 
alteration. 
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Numerous theories have been advanced to explain the stimu- 
lation of animal growth given by antibiotics. One of the more 
prominent theories suggests that the antibiotic induces in- 
creased absorption of nutrients from the gastrointestinal tract. 
If this were the main mode of action, it would be expected 
that mineral absorption would be increased and a greater 
amount of ingested calcium (Ca) would be available to the 
animal for the laying down of bone tissue. ^ligicovsky et al. 
(’51) reported that dietary penicillin significantly increased 
the Ca absorption index of chicks which had previously been 
fed a low Ca diet. Boss and Yacovdtz ( ’54) found that dietary 
procaine penicillin G significantly increased chick bone (tibia) 
ash. EusoiT et al. (’54) reported larger skeletal growth and 
increased bone size in young calves to which aureomycin was 
administered parentei-ally or orally. ^lurray and Campbell 
( ’55) found the response of rachitic rats to doses of vitamin 
D, as measured by the line test (U.S.P. XIY, ’50), was in- 
creased by the addition of aureomycin to the diet. 

The present study was undertaken to tost whether aureo- 
mycin could, during a o-Aveek groAvth period, increase the re- 

* AuUiorirctl on 3/7/36 for publication ns psper no. 2050 in tbo Journnl S‘*rie 5 
of the Pennsylvania Apricultiiral Experiment Station. 



98 


E. W. HAETSOOK 


tention of carcass calcium in Aveanling rats given experimental 
diets containing two levels of Ca (0.55% and approximately 
one-lialf of this amount) in the presence of 0.44% of inorganic 
phosphox'us and adequate vitamin D under the condition of 
equal food intakes within replicates of animals. 


EXPEEIMENTAL 

Forty Aveanling male albino rats weighing 42 to 64 gm and 
housed in individual screen-bottom cages were assigned on 
the basis of body weight and litter to 10 replicates of 4 ani- 
mals each. All rats within a replicate received daily quantities 
of experimental diets equal to the consumption of the small- 
est eater.- Eat 1 of each replicate (hasal) received a ration 
containing, in percentage, vitamin-test casein,^ 18; nij-methi- 
onine, 0.2 ; corn oil,'* 7 ; cornstarch, 40 ; sucrose, 10 ; cerelose, 
18.68; vitamin mix,“ 0.5; choline chloride, 0.1; cellulose, 2; 
modified Salts IV (Oa-free),« 2.85; and OaCOa, 0.67. Eat 2 
of each replicate (basal -j- aureomycin ) received a diet identi- 
cal to that given rat 1 to which aureomycin had been thor- 
oughly admixed at the rate of 100 mg/kg of diet. Bat 3 of 
each replicate (basal -f- Ca) received a diet the same as that 
given rat 1 except that 4% of Salts IV ® replaced the modified 
Salts W and CaCOa. Eat 4 of each replicate (basal -f- aureo- 
mycin Ca) received a diet identical to that given rat 2 to 
which aureomycin had been thoroughly admixed at the rate 
of 100 mg/kg of diet. The additional minerals of the latter 
two diets were added at the expense of cerelose. By analysis 

“It was long ago pointed out by Fairbanks and Mitchell ( '36) that ‘‘the control 
of food intake in calcium metabolism studies is essential to the most significant 
results. ^ ' 

* Nutritional Biochemicals Corporation, Cleveland, Ohio. 

^ Oleum Percomorphum (Mead Johnson & Co., Evansville, Indiana) and a-toco- 
pheryl acetate added to the corn oil so that the final diet contained 2,000 I.tJ. 
vitamin A 283 I.U. vitamin D, and 10 mg vitamin E per 100 gm. 

® The vitamin mix had the following composition : thiamine hydrochloride 500 
mg, riboflavin 600 mg, pyridoxine hydrochloride 300 mg, Ca pantothenate 3 gm, 
nicotinic acid 6 gm, folic acid 100 mg, vitamin K 100 mg, vitamin 5 mg, biotin 
10 mg, and cerelose to make 500 gm total. 

“Lichstein et al. ('46). 
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tlie above diets contained in tbe order given 0.291, 0.286, 0.549, 
and 0.551^ Ca. Additional vitamin Bi (50 mg/rat/day as 
a cerelose premis) vras added to each daily portion of diet. 
This v'as done in order to replace possible losses of tbe vitamin 
by components of tbe salt mixture, as shown by Waibel et al. 
(’54). Distilled water was given to all rats ad libitum. 

After 35 days on tbe experiment tbe animals were killed 
with chloroform, their body lengths from tip of nose to base 
of tail were measured, tbe gastrointestinal tracts were emptied, 
tbe carcasses weighed, cut into small pieces and dried in vac- 
uum desiccators over concentrated H0SO4 for approximately 
10 days. Tbe fat was removed from tbe dry carcasses by 
48 hours extraction with diethyl ether in a Soxblet apparatus 
and the dry residue was finely ground in a burr mill. Thus 
carcass fat and dry matter Avere measured directly, but car- 
cass water was determined indirectly. Calcium was deter- 
mined on a 5 gm sample of the finely ground dry residue by 
the A.O.A.C. (’50) method. Eight litter-mate rats were killed 
at the beginning of the experiment and were dried, extracted, 
ground and analyzed in an identical manner. 

EESULTS ..itXD DISCUSSION 

Table 1 summarizes the experimental results obtained, 
.showing group means and the standard error of the means 
for the various criteria used to evaluate the experiment. 
Column 1 of the table contains the items tested: body weight 
gain (“empty” carcass weight — initial body weight); car- 
cass dry matter gain, carcass water gain, and carcass ether 
extract gain (respectively, the content of these substances in 
the “empty” carcass — tbe initial amounts present) ; carcass 
Ca gain (Ca content of the “empty” carcass — initial Ca) ; 
and percentage Ca retention [(carcass Ca gain/Ca intake) X 
100]. In order to arrive at initial dry matter, water, ether 
extract, and Ca values, initial body weights Avere multiplied 
by tile mean percentages (20.4, 66, 3.99, and .85. respoctivelv) 
found for these substances in the carcasses of the control rats 
killed at the beginning of the experiment. Columns 2. 3, 4. and 
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5 show mean values obtained for groups 1, 2, 3, and 4, respec- 
tively. Column 6 shows the standard eiTors of the means. The 
number of animals in each group was originally 10, hut the 
data given in table 1 cover, in some cases, smaller numbers. 
In one instance an animal escaped from its cage for approxi- 
mately 12 hours and was removed from the experiment ; an- 
other animal died from unknown cause and was discarded; 


TABLE 1 

Effect of aurcomi/ciii on growth and calcium conttmt of the hodg 



GKOUP 1 

cnoup 2 

onorn a 

Giiour 4 

STAXiiAirn 
ERROR or 
THE 
MEANS 

ITEM 

Bncal (9)* 

Bnsnt •+- 
nurco- 
niycin (10) * 

■*- 

Cn (9)* 

Bnsftl + 
nurco- 
inycin •+- 
Cn (30)» 

Body length, cm 

7nenn 

21.42 

menu 

21.33 = 

mmii 

21.38 

ntfon 

21.27 

0.15 

Body weight 

g.ain, gm 

180.9 

180.8 

17C.S 

175.1 

rfc 6.3 

Carcass dry matter 

gain, gm 

44.51 = 

42.81 = 

43.27 

41.89 

± 1.44 

Carcass water 

gain, gm 

114.78 = 

111.59 = 

10G.94 

102.64 

ri: 3.48 

Carcass ether extract 

gain, gm 

31.98 = 

34.84 = 

31.61 

35.01 

d: 2.38 

Carcass Ca gain, gm 

1.092 

1.095 

1.356 

1.323 

0.045 

Ca retention, % 

77,3 

79.1 

51.7 

49.7 

:t 2.0 


* Number of animals in group, 
“ Number of animals = 8. 

’ Number of animals = 9. 


in another instance the body length measurement was inad- 
vertently not recorded; and finally, data for ether extract 
gain of two animals are not included because there was 
evidence that an undetermined loss of carcass fat had occurred 
during the ether extraction. 

Analyses of variance were made for the criteria of response 
given in column 1 of table 1. The interactions of additional 
dietary Ca with the antibiotic were small and failed in each 
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case to attain statistical significance. For this reason the 
variance of the main effects of the treatments and the prob- 
ability that such variance resnlted from chance alone vas 
determined. The results of such statistical treatment appear 
in table 2. For convenience, the mean values for the control 
group appear in column 2, and the mean deviations from 
these values caused by the main effects and interaction, ap- 
pear in columns 3, 4, and 5, respectively. The main effects 


TABLE 2 

ilain effects and interactions of added calcium and aureomycin 


ITEM 

CONTE on 

GEOUP 

MEAN MAIN EFFECTS 

MEAN 

INTER- 

ACTION 

ilean 

Calcium 

Aureomycin 

Body length, cm 

21.42 

— 0.05 

— 0.10 

— 0.02 

Body weight gain, gm 

180.9 

— 4.9^ 

— 0.9 

— 1.6 

Carcass dry matter 
gain, gm 

44.51 

— 1.08 

— 1.54 = 

0.32 

Carcass water gain, gm 

114.78 

— 8.39 = 

— 3.74 

— 1.11 

Carcass ether extract 
gain, gm 

31.98 

0.20 

3.43 = 

1.14 

Carcass Ca gain, gm 

1.092 

0.246 = 

— 0.015 

— 0.036 

Ca retention, % 

77.3 

— 27.5 = 

— 0.1 

— 3.8 


* P < 0.05. 
' P < O.OI, 
’ P ~ 0.051 


of additional dietary Ca were a significant decrease in bodv 
weight gain, a higlily significant decrease of carcass water 
gain, and a highly significant increase of the carcass Ca irain 
— the latter accompanied by a highly significant decrease 
in the percentage of Ca retention. The finding of an increased 
carcass Ca gain accompanied by a decreased percentatre of 
retention when an additional increment of dietary Ca was 
given is in accord with the previous experience of Fairbanks 
and Mitchell (’3G). The finding of a significant decrease in 
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body weight gain Rntli the increment of dietary Ca added is 
largely explained by the highly signiiicant decrease in carcass 
water gain and is also in accord with the findings of the pre- 
viously cited authors, since thej'’ found that an inverse relation 
exists between the rate of growth and the Ca content of the 
carcass. 

The main effects of aurcomycin addition to the basal diet 
were slight and non-significant decreases in all of the criteria 
tested save careass dry matter gain aiid carcass ether extract 
gain. In regard to the former eriterion a significant decrease 
was noted. However, in the case of the latter criterion, the 
increase of 3.43 gm was indeed close to statistical significance. 
The tendency toward increased deposition of fat ineident to 
the feeding of antibiotics is in agreement with the work of 
Black and Bratzler (’52), who used both a crude vitamin Bj; 
supplement containing streptomycin and streptomycin with- 
out added Bi^; with the work of Knoebel and Black (’52), 
who used a similar crude vitamin Bio supplement containing 
streptomycin and terramycin together with additional terra- 
mycin and added aureomycin ; with the work of Hartsook and 
Johnson (’53), who used terramycin, but at variance Avith 
the Avork of Forbes (’54), Avho used streptomycin and Chloro- 
mycetin. In the references cited, hoAvever, it appears that the 
amount of carcass ether extract gain obtained upon feeding 
antibiotic (s) stands in inverse relationship to the adequacy 
of the diets for animal groAvth. 

The finding that increased utilization of Ca OA^or the entire 
experimental period did not occur in this Avork Avith the rat, 
on supplying aureomycin, as Avas found in short-term experi- 
ments with chicks (MigicoA’^sky et ah, ’51) and that increased 
skeletal groAvth as AAmuld be indicated by increased body length 
AA'as not f oxmd in this AA'ork as AAms reported in Avork AAuth cattle 
(Rusoff et al., ’54) can probably be explained by species dif- 
ferences in response to antibiotics. Species differences in 
groAAdh responses to antibiotics have been repeatedly noted. 
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SUMilAET 

Ten replicates of 4 weanling, male, albino rats each were 
fed daily for a 35-day period eqnal qnantities of the following 
experimental diets : rat 1 received the basal diet (containing 
approximately 18% casein, 0.29% Ca and 0.44% P), rat 2 
i-eceived the basal diet -f- anreomycin (100 mg/kg), rat 3 re- 
ceived the basal diet + additional Ca (0.55% Ca), and rat 4 
received the basal diet additional Ca and anreomycin. 

Calcinm supplementation of the basal diet resulted in a 
highly significant increase (22.5%) in carcass Ca gain, a 
significant decrease (2.7%) in body weight gain, a highly 
significant decrease (7.3% and 35.6%, respectively) in carcass 
Avater gain and in the percentage of Ca retention. 

Anreomycin supplementation of the basal diet did not in- 
crease body weight gain, carcass water gain, body length, 
carcass Ca gain, or the percentage of Ca retention. Aureo- 
mycin, did, hoAvever, increase (10.7%) the carcass ether ex- 
tract gain to an extent that closely approached statistical sig- 
nificance at the 5% level, and significantly decreased (3.5%) 
carcass dry matter gain. 
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Although the nutritional quality of a protein must in the 
final analysis be established biologically there are many 
advantages to be derived from an in vitro method which 
accurately predicts the biological value of a protein from its 
chemical composition. It has been recognized since the in- 
vestigations of Osborne and Mendel that the nutritional value 
of a protein is primarily dependent upon its constituent 
amino acids. Mendel (’23) proposed that the efiSciency of 
the individual protein in this respect must depend on the 
minimum quantity of any indispensable amino acid that it 
will yield. On the basis of this concept Mitchell and Block 
(’46) evolved a workable system for the quantitative evalua- 
tion of a protein from its amino acid composition. Using 
whole egg protein as the standard, the nutritive value of a 
protein was expressed as a “chemical score,” equal to the 
irroatest percentage deficit in an essential amino acid in the 
test iirotoin. Oser (’51) devised a similar method in which 
all of the essential amino acid “egg ratios” were integrated 
by calculation of their geometric mean. AVith reference to 
man and the i-at both methods of scoring yielded values which 
correlate well with the biological values - of a variety of 

’ A proliininnry report of tliij* work wns prr‘'i*iit^'«l before the Aiuori^'an Sorji-tv 
of Itiolo^^ieal f'hrrnists nt San Franri^ro. California, April 11-15^ 1955 (ShefTn^r 
ih'kfthU :iii«l Sp*‘ctor, *55). 

• Tho tt rni biolopiral valut' i** n^‘^1 in this pqp.-r in nrcor.lnnre with th» fo.rrr.nla 
intre«ln<'tMi by MitrltDll ( aftt'r Th«’*!T:as. 
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proteins. However, for many proteins, the calculated values 
did not reflect the quantitative differences in biological value. 

Mitchell ( ’52), while reviewing a half-century of progress in 
nutritional evaluation of proteins questioned whether a method 
which depended in its entirety upon the total amino acid com- 
position could predict precisely the biological value of proteins, 
since many other factors affected the utilization of dietary pro- 
tein. One of these factors is undoiibtedly related to the observa- 
tion that delayed supplementation of a deficient protein Avith the 
lacking amino acids is ineffective in correcting the deficiency 
(Berg and Kose, ’29; Geiger, ’47; Henry and Kon, ’46). 
Based upon this fact and upon subsequent Avork of their OAvn 
Melnick and co-Avorkers ( ’46) and Riesen et al. ( ’47a) proposed 
that in addition to the total amino acid composition, the rate 
of release of amino acids from protein by pancreatic digestion 
Avas also an important factor in the nutritional quality of a 
IJrotein. This concept Avas Aitilized by Horn et al. (’52) to 
evaluate the nutritional quality of food proteins by measur- 
ing microbiologically the indiAudual amino acids made avail- 
able by pepsin, trypsin, and hog mucosa. This method gave 
good correlation Avitli the biological A’alue of cottonseed meal 
Avhicli had been subjected to Amrious degrees of processing; 
hoAvever, there Avas no indication that it could be used to 
compare proteins from different sources. HaleA’y and Gros- 
soAAucz (’43), using the groAvth response of Streptococcus 
fecalis to a pancreatic digest of the test protein, and Dunn 
and Rockland (’47) and Anderson and Williams (’51), using 
the proteolytic protozoan, Tetrahymena geleii, also developed 
procedures to estimate the biological A’alue of proteins. Hoav- 
ever, the Amlues obtained A\uth these methods did not correlate 
Avell Avith the biological A’^alue of proteins as determined by 
rat assay. 

It Avas the purpose of the present investigation (1) to 
determine the relationship betAveen the biological value of 
food proteins and the patterns of amino acids released by 
digestive enzymes, and (2) to develop an in vitro procedure 
AA’-hich could accurately estimate the nutritional Amine of 
proteins. 



IXDEX OF KFT PBOTEFS' TTIILIZATIOX' 


107 


ilETHODS AND ILATERIALS 

Pepsin digests were prepared by incubating 1 gm of proteia 
(X X 6.25) with 25 mg of pepsin (U.S.P. 1:10,000) ® in 30 ml 
of 0.1 X H2SO4 for 24 hours at 37°C. For pepsin plus trypsm 
digests, the pepsin digests were buffered with 3 gm of KH0PO4, 
adjusted to pH 8.4, and incubated with 25 mg of trypsin 
(4 X U.S.P. pancreatin),® at 37°C. for 24 hours. For sub- 
sequent erepsin digestion, samples previously treated with 
pepsin and tiypsin were adjusted to pH 7.8 and incubated with 
100 mg of erepsin ® at 37 °C. for 72 hours. The samples were 
covered with toluene during incubation and stirred occa- 
sionally. Enzyme blanks were prepared for each stage of 
digestion with 10 times the quantity of enzyme used for 
sample treatment. At the end of the indicated incubation 
periods the digests were heated in a boiling water bath for 
10 minutes, cooled and adjusted to pH 2. One volume of 10% 
sodium trmgstate and one volume of 2/3 X H0SO4 were then 
added for each 8 volumes of digest. The mixtures were 
allowed to stand for 10 minutes and filtered. The clear 
filtrates were adjusted to pH 6.8, diluted to the appropriate 
amino acid concentration, and stored frozen until analyzed. 
In the case of starchy samples, e.g., white flour, most of the 
starch was removed by centrifugation before the digest was 
heated. 

Acid hydrolysates for the determination of the total amino 
acid content were prepared by autoclaving each protein for 
1(5 hours at 120°C. with 20 ml of 2 X HCl per gram dry weight 
of sample. However, for the measurement of cystine the 
samjdes were autoclaved only three hours (Riesen et ah, ’47b). 
Alkaline hydrolysates for the assay of tiyptophan and tyro- 
.‘sine were prepared using 20 ml of 5 X XaOH per gram dry 
weight of sample and autoclaving at 120°C. for 5 hours. To 
eliminate gel formation in the flour samples these were steamed 
for 30 minutes in 25 ml of 0.1 X HCl prior to hydrolysis with 
alkali. Individual amino acid analyses were, in general, per- 

■ Nntrilionnl TVjorljcmirnU Corporntion. CUrclnrid. Ohio. 
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formed by microbiological procedures previously described 
(Slieffuer et al., ’48); however, the final volume per tube 
was 2 ml and the acid produced by the growth of the organisms 
was measured by means of a quinhydrone electrode and the 
Cannon titration apparatus. Also, for the determination of 
cystine the medium and sanq^les were autoclaved sopai-ately to 
minimize destruction of this amino acid. Leitconosioc mes- 
enleroides P-60 was used for tlie as.say of cystine, liistidinc, 

TABLE 1 


** Essential*^ amino acids in whole egg and casein 




AVirOLE KGG 



GASKIN 


amino acid 

Total 

rt'psiti 
digest ' 

Residue 

Total 

PepRiu 
digest * 

Kestduo 

Histidine 

2G.S 

Ttnfflgm 

0.45 

20.4 

31.8 

mgjgm 

0.07 

31.7 

!Lysine 

82.8 

2.9 

79.9 

80.8 

0.34 

80.5 

Metbionine 

31.6 

7.2 

24.4 

30.4 

0.10 

30.2 

Cystine 

21.4 

0.54 

20.9 

3.4 

0.07 

3.3 

Phenylalanine 

55.4 

11.4 

44.0 

55.4 

4.8 

50.6 

Tyrosine 

■ 36.3 

5.9 

30.4 

to 

o 

0.2 

45.8 

Leucine 

80.7 

52.5 

2S.2 

98.4 

38.2 

00,2 

Isoleucine 

55.4 

38.2 

17.2 

58.1 

5.9 

no o 

Valine 

00.3 

11.7 

54.0 

72.5 

1.1 

71.4 

Threonine 

49.0 

25.9 

23.1 

41.2 

12.5 

2S.7 

Tryptophan 

13.5 

0.8 

0.7 

11.0 

4.0 

7.6 


519.2 

163.5 

355.8 


73.3 

4C2.2 


* Corrected for enzyme blank. 


lysine, methionine, phenylalanine, tyrosine and valine, and 
Streptococcus fecalis for isoleucine, leucine, threonine and 
tryptophan. Total nitrogen was measured by tlie macro-Kjel- 
dahl procedure using mercuric oxide as the digestion catalyst. 
Alpha amino nitrogen was determined by the copper titration 
method of Pope and Stevens (’39). 

' ' CALCULATION OF THE PDR INDEX 

The 8 amino acids essential to human nutrition plus cystine 
and tyrosine are used when the test protein is evaluated for 
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man. 'WTien the protein is evaluated for the grovring rat, 
histidine is also taken into acconnt. To iUnstrate the method, 
calculation rdll he made of the PDR index of casein for use 
with the gro\ving rat. 

The concentrations of these 11 amino acids in whole egg 
and in casein are determined in the completely hydrolyzed 
proteins and in the pepsin digests. The concentration of each 
amino acid (mg/gm of protein) microhiologically available in 
the pepsin digest is subtracted from the concentration of the 
respective amino acid in the total hydrolysate to give the 
“residue” fraction (table 1). 

Each amino acid is then calculated as the percentage of 
the sum of the 11 amino acids for the protein in the pepsin 
digest and residue fractions, respectively. For example, the 
“free” histidine content of the pepsin digest of whole egg is 
0.45 mg. The sum of the 11 amino acids in the pepsin digest 
is 163.5 mg. Histidine thus constitutes 0.45/163.5 or 0.28% 
of the sum of these 11 amino acids in the pepsin digest 
(table 2). 

The ratio of the percentage of each amino acid in the pep- 
sin digest of casein to the percentage of that amino acid in 
the pepsin digest of whole egg gives the “egg ratio.” The 
geometric mean of the adjusted egg ratios is then computed 
logarithmically by averaging the logarithms of the egg ratios, 
and obtaining the antilogarithm. A similar calculation is 
made for the residue fraction. Egg ratios less than one are 
considered to be one in order to avoid negative logarithms. 
In computing the egg ratios, percentage concentrations of 
amino acids in excess of those present in the standard protein 
arc disregarded. Hethionine and cystine are considered as a 
unit, as are phenylalanine plus tyrosine. If the essential pre- 
cursor amino acid of the pair. e.g.. methionine, is present in 
excess of that in egg, the excess can be used to make up the 
deficiency of the non-essential amino acid, but the reverse 
is not done. For example, the pepsin digest of casein is 
credited with only 3.01% of tyrosine, i.c.. the same as in whole 
egg. rather than S.46%. The total of phenylalanine (6.55%) 
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plus tyrosine (3.61%) is thus 10.16% and the egg ratio is 
10.16/10.58 or 96.0. 

The geometric means of the fractions are each multiplied 
by a factor to correct for the degree of proteolysis of the test 
protein relative to that for the standard egg protein. The 


T.vni.K 2 

Example for calculation of the VDli index for casein 


AMIXO ACID 


PEPSIX DIGEST 



r.ESIDUE 


Whole 

eg? 

Ctts. 

Egg 

ratio 

Log egg 
ratio 

Whole 

egp 

Cas. 

Egg 

ratio 

Log egg 
ratio 






% 

Co 



Histidine 

0.28 

0.10 

35,7 

1.5527 

7.42 

6.86 

92.5 

1.9661 

Lysine 

1.77 

0.4C 

26.0 

1.4150 

22.46 

17.42 

77.6 

3.8899 

Methionine 

4.40 

0.22 



6.86 

6.53 



Cystine 

0.33 

0.10 



5.87 

0.71 



Meth. and cys. 

4.73 

0.32 

6.8 

0.8325 

12.73 

7.24 

56.9 

1.7551 

Phenylalanine 

6.97 

6.55 



12.37 

10.95 



Tyrosine 

3.61 

8.46 



8.54 

9.91 



Phen. and tyr. 

10.58 

10.16 

96.0 

1.9823 

20.91 

19.49 

93.2 

1.9694 

Leucine 

32.11 

52.11 

100.0 

2.0000 

7.92 

13.02 

100.0 

2.0000 

Isoleucinc 

23.36 

8.05 

34.5 

1.5378 

4.83 

11.29 

100.0 

2.0000 

VaUne 

7.16 

1.50 

20.9 

1.3201 

15.34 

15.45 

100.0 

2.0000 

Threonine 

15.84 

17.05 

100.0 

2.0000 

G.49 

6.21 

95.7 

1.9809 

Tryptophan 

4.16 

5.46 

100.0 

2.0000 

1.88 

1.64 

87.2 

1.9405 

Av. logarithm of 

egg ratios = 


1.6267 




1.9446 


Geometric mean: 

Pepsin digest fraction = antilog 1.6267 
= 42.3 

Corrected geometric mean: 

Pepsin digest fraction = 42.3 X 73.3/163.5 
= 18,96 

PDU index = antilog (0.315 X log 18.96 + 0.685 X log 114.32) = 64.9 
PDR index/digestibility = 64.9/0.97 = 66.9 


Residue fraction 
= antilog 1.9446 
= 88.0 

Residue fraction 

= 88.0 X 462.2/355.8 
= 114.32 


factor for the pepsin digest is obtained by summing the con- 
centrations (mg/gm) of the 11 individual amino acids in the 
pepsin digest of the test protein and dividing the total by 
the sum of the concentrations obtained for the standard egg. 
For example, the sum of the 11 amino acids in the pepsin 
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digest of casein is 73.3 and tlie snm for egg is 163.5. The factor 
is 73.3/163.5. Similarly, for the residue fraction the factor 
is 162.2 (casein) /355.8 (egg). Multiplying the geometric mean 
of the two fractions by their respective proteolysis factors 
yields the corrected geometric means. 

To obtain an amino acid index for the whole protein (casein) 
the corrected geometric means of the pepsin digest fraction 
and the residue fraction must be Aveighted in accordance with 

TABLE 3 

Comitarlson of ihe patterns^ of the vxicrohioJogicalhj avaitable amino acids in 
rmt/ mafic (ligrsts and in compJeteJg hydroilyzed whole egg 
protein and casein 


wHorx r.r.r, caseix 


.\ If I SO ACIf> 


pepsin 

trj'yisin 

Pt-Iisin 
tr>*psin + 

Tot;il 

Pepsin 

Pepsin * 
trypsin 

Pepsin - 
tr3rp’^in « 
erep'tin 

Total 


f ^ 


Tc 

C'c 

Vc 


Vc 

Vr 

Leucine 

33.4 

24.0 

21.2 

17.5 

57.0 

GO 

Cl 

25.2 

20.5 

Isoleueine 

24.3 

13.6 

12.1 

12.0 

8.8 

11.2 

10.1 

12.1 

Threonine 

HU 

14.4 

13.0 

10.6 

18.6 

13.C 

12.8 

8.6 

Valine 

7.4 

12.9 

14.7 

14.4 

1.6 

8.2 

11.5 

15.1 

Plienylalaniiie 

7.3 

11.0 

11.3 

12.0 

7.2 

9.1 

lO.S 

11.5 

Metliioinnc 

4.r» 

5.6 

7.0 

6.S 

0.2 

2.9 

3.0 

6.3 

Tryptophan 

4.3 

3.9 

3.3 

2.9 

6.0 

3.1 

3.2 

2.4 

Ly.‘'ine 

l.S 

10.4 

13.6 

17.9 

0.5 

21.1 

20.9 

16.8 

Histidine 

n..3 

3.6 

3.6 

.l.S 

0.1 

2.3 

* 2..5 

6.6 

* K:\ch atuino 

acid v: 

due was 

calcidateil 

1 ns tlie 

percentage of the 

of 

the 9 


:u‘i(Is indir.'itiMl. 


the percentage each represents of the total standard egg pro- 
tein. The concentrations of the 11 amino acids measured in 
the pepsin digest of the standard egg protein represented, 
on tlie average, 163.5 519.2 or 31.57^ of these amino acids 
in the entire egg protein, and the amino acids in the residue 
represented 355.S '519.2 or 68.5^7 of the 11 amino acids in 
the entire egg protein. Tlie corrected geometric means are 
weighted and averaged geomoti'ically to obtain tlie PDTJ inde.v 
for the whole protein. 
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RESULTS 

The patterns of microbiologically available essential amino 
acids present in enzjmiatic digests and in complete hydroly- 
sates of whole egg and casein are given in table 3. It can be 
seen that there are large differences in the proportions of 
amino acids liberated from the two proteins by pepsin di- 
gestion. These differences are considerably reduced when 
digestion is continued by treatment with trypsin, or tiypsin 
and erepsin. For example, isoleucine represented 24.3% of 
the 9 amino acids measured in the pepsin digest of whole 
egg, Avhereas it was only 8.8% in tlie pepsin digest of casein. 
This ratio of 3 : 1 was reduced to almost 1 : 1 following treat- 
ment with trypsin. Similarly, the proportion of methionine in 
the pepsin digest of Avhole egg was 23 times as great as in 
the pepsin digest of casein. After tr 5 ’TDtic action the ratio is 
diminished by only about 2 : 1. Leucine, which is present in 
much smaller proportion in the pepsin digest of whole egg 
than of casein, is present in almost equal proportions in the 
tryptic digests of both proteins. When the proteins are hy- 
drolyzed to completion the proportions of the 9 amino acids 
in the two lydrolysates are almost identical. 

Melnick ot al. (’46) have reported that similar differences 
in the rate of release of individual amino acids occur after 
treatment of proteins with pancreatin; however, the results 
presented here demonstrate that where proteins arc first 
treated with pepsin, as occurs under physiological conditions, 
the differences between proteins upon sirbsequent treatment 
with trypsin are considerably reduced. These data prompted 
the hypothesis that if appreciable absorption of the iDroducts 
of peptic digestion occurred, some of the differences in bio- 
logical value between proteins of comparable total amino 
acid content conld be accounted for by the diversity in pattern 
of amino acids released by pepsin digestion. 

If whole egg protein is considered as the standard, the total 
essential amino acid patterns in proteins can be compared by 
computing “egg ratios” (Oser, ’51). The integrated essential 
amino acid egg ratios of a variety of proteins are presented 
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in table 4. These values are calculated, according to the method 
of Oser (’31), as modified by Mitchell (’54) to include tyrosine 
but omit arginine in computing the revised index (modified 
essential amino acid index, MEAA). For many proteins, this 
total amino acid index does not reflect the actual biological 
value of the protein. For instance, the MEAA index suggests 

TABLE 4 


Comparison of the FVH index of food proteins xcith ilicir hidlogical, value and net 
'Utilization for the growing rat 


I'ROTKIN' * 

BIOLOGICAL 

valve 

DIGESTI- 

BILITY 

XET VTIL- 
IZATIOK 

PDF. 

IKDES 

pdb/ 

DIGESTI- 

BILITY 

MEAA 

IXDEX 

CHEMICAL 

SCORE 

Whole egg 

98- 

99 

97 

100 

101 

100 

100 

Egg albumin 
Defatted egg 

97’ 

100 

97 

95 

95 

96 

84 

(com ’I) 

87’ 

97 

84: 

S3 

S6 

93 

75 

Lact.nlbumin 

84’ 

9S 

S2 

82 

84 

92 

70 

Soy flour 

75 ’ 

90 

72 

71 

74 

82 

44 

Casein, Labco 

OS 

97 

OG 

65 

67 

92 

64 

Brewers’ yeast 

GG=-« 

93 

01 

G1 

66 

72 

36 

White flour 

52 = 

100 

52 

51 

51 

65 

26 


* The test proteins used in this study were obtained from the following sources: 
dried whole egg, Blue Star Foods Co.; egg albumin, Emulsol Corp.; defatted egg, 
Viobin Corp.; lactalbumin (Labco), Borden Co.; soy flour (Xutri Soy), Archer- 
DanielS'Midlaiid Co.; casein (Labco, vitamin free), Borden Co.; brewers’ yeast, 
(U.S.P. XII), Nutritional Biochcmicnls Corp.; and white flour (Pillsbury’s 
Best) Pillsbury Mills, Inc. 

* Mitchell and Beadles (’50). 

’Mitchell and Block (’4C). 

‘Orenves, Morgan and Loveen (’3S). 

’Chick, ^oa^-Fix?en, Hutchinson and Jackson (’35), 

'•Mitchell (MS). 


that casein and egg albumin have similar biological values ; 
however, it is well established that egg albumin has a con- 
siderably liigher biological value for tlie growing rat. Lactal- 
huinin lia.^^ a ninch lower biological value flian egg albumin; 
but this is not appai'eut from the MEAA index. 

In general, the MEAA index ovore.stiinafe.s the biological 
value. Tills fact lends support to the hypothesis tliat ranch 
of the potential nutritional value of many proteins is lost 
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by the release and absorption of disproportionate amounts 
of essential amino acids at an early stage in digestion. Con- 
sequently, a new amino acid index was devised which takes 
into account the physiological availability of amino acids dur- 
ing digestion. This index combines the pattern of essential 
amino acids obtained from analysis of the pepsin digest with 
the amino acid pattern of the remainder of the protein to 
produce an integi'ated index — the Pepsin Digest-Residue 
(PDE) amino acid index. 


TAR EE 5 

Comparison of ihc PDIt index of food proteins with their Viotogical value and 
net utilization for adult man 


PROTEIX 

IJIOLOOICAI. 

value 

DIOESTI- 

niLITY 

.VET UTIL- 
IZATIOS 

PDR 

INDEX 

PDR/ 

DKIKSTI- 

JULITV 

MEAA 

INDEX 

CHEMICAL 

SCORE 

Wliole egg 

0 

0 

90 

90 

100 

a 04 

100 

100 

Egg albumin 

91" 

101 

92 

95 

94 

90 

84 

S 03 ’ flour 

73 ‘ 

90 

00 

09 

77 

81 

44 

Casein, Labco 

CO 

90 

05 

03 

GO 

90 

04 

White flour 

41* 

97 

40 

49 

51 

04 

20 


'Murlin et al, (^44). 

^Murlin et al. (MS). 

* Hawley et al. (MS). 

^Bricker et al. (M5). 

Comparison of the PDR amino acid index Avith the net 
protein utilization and the biological value of food proteins 
for the groAAung rat and for man is presented in tables 2 and 3. 
Values for the chemical score and the modified essential amino 
acid index of Mitchell (MEAA) are also ghmn for comparison. 
It Avill be noted that the chemical score, based upon the limit- 
ing amino acid ahvays underestimates the biological value. 
While the MEAA index gives values in closer agreement with 
the biological value, there are many cases Avhere the correla- 
tion for the MEAA index is also poor. The PDR indices are 
found to be in close agreement Avith the net utilization values 
of the respective proteins for the groAAdng rat and for man. 
Therefore, the values obtained by dividing the PDR index 
by digestibility are closely correlated with the biological 
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values. The regression lines correlating the biological values 
u-ith the MEAA indices and the PDB/digestibility values are 
shown in figure 1. The correlation coefficient, r, of the regres- 
sion line for the PDR indes/digestibility is only slightly better 




jrovtibiUty vnluo.*^ nnd (2) tho MEAA iiulicc5. 


than that for tho index since the latter index doe.s. in 

general, show tho proper order of value. However, the regres- 
sion line for tho PDR index/digestibility passes closer to the 
origin and .cliow.^; a much smaller standard error of estimate. 
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Se, indicating that this index more accurately reflects the 
quantitative differences in biological value between the vari- 
ous proteins. 

DISCUSSION 

Following the proposal of Mitchell and Block (’46) whole 
egg protein was used as the reference protein for the PBE 
index of net protein utilization. These investigators reported 
that whole egg protein was almost perfectly utilized in diges- 
tion and metabolism for the growing rat. It was demonstrated 
in the present work that when the well-utilized standard egg 
protein was treated with digestive enzymes in a manner simu- 
lating the physiological sequence, then the pattern of amino 
acids changed as digestion proceeded. These results suggest 
that the optimal pattern varies with the stage of digestion 
or position in the digestive tract. In this respect, many in- 
vestigators have found that whole protein is better utilized 
in the diet than protein hydrolysates or amino acid mixtures 
containing essentially equal quantities of amino acids (Wool- 
ley, ’46 ; Womack and Rose, ’46 ; Sheffner, Kirsner and Palmer, 
’50; Maddy and Swift, ’52). Therefore, it appeal’s that the 
standard of protein quality cannot be a non-varying jiattern 
of amino acids. 

The conditions established for obtaining in vitro pepsin 
digests were determined from feeding expei’iments with rats 
which indicated that approximately 30% of ingested egg 
protein nitrogen is absorbed before the chyme has reached 
the area of the intestine where tryptic activity is significant. 
Consequently, the quantity of pepsin used and the duration 
of incubation in the in vitro procedure were adjusted to pro- 
duce approximately 30% release of microbiologically available 
essential amino acids from egg protein. The quantity of amino 
nitrogen released, when 1 gm of egg protein is digested with 
25 mg of pepsin for 24 hours is almost 90% of that which 
occurs when either the amount of pepsin or the incubation 
time is doubled. With pepsin of the proper activity the con- 
ditions are such that small variations in time, temperature, 
and quantity of enzyme will not cause significant variation in 
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tile PDE index. Tlie activity of tlie pepsin nsed in tliese ex- 
periments was U.S.P. 1-10,000. Use of 3 X crystallized pep- 
sin resulted in a more rapid release of amino acids Tint 
did not change the pattern of amino acids made available. 

The excellent correlation between the PDE index and the 
net protein utilization value of representative proteins sug- 
gested that this index should be a valuable in vitro method for 
predicting the nutritional quality of proteins. However, aside 
from this practical aspect the observed correlations suggest 
the importance of peptic digestion for optimal utilization of 
dietary proteins. In this respect, MeUander (’55), Kotschneff 
(’26, ’28), and Shetfner et al. (’50) have suggested that the 
wall of the intestine is permeable to amino acid complexes. 
Consequently, it appears reasonable to suggest that an appre- 
ciable quantity of the products of pepsin digestion are ab- 
sorbed from the duodenum before pancreatic enzymes can 
act on them, and that the pattern of these absorbed amino 
acids 'and peptides is an important factor in the efficient 
utilization of ingested protein. 

The extent to which the assay microorganisms used in this 
study measured peptides or larger amino acid complexes is 
not known. However, the PDR indices could not be corre- 
lated with their respective biological values if the large poly- 
peptides in the protein-free (tungstic acid filtrates) pepsin 
digests were hydrolyzed before the digests were analyzed. 
In this connection, Sheffner, Kirsner and Palmer ° found that 
when humans wore fed a protein-containing meal, the con- 
centrations of microbiologically non-availahle polypeptide 
amino acids of plasma, i.e., large polypeptides, decreased 
after the meal, whereas concomitantly the microbiologically 
available plasma amino acids (free amino acids and small 
polypeptides) were significantly increased. These data sug- 
gest, therefore, that if polypeptides are absorbed at an earlv 
stage of digestion, they probably consist of relatively few 
amino acid residues. 

' Slu-n'prr. Kir^'Urr r. r.r ptjUh*’ ! flntri. 
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It is apparent that the last step in the calculation of the 
PDR index predicts that any process which severely decreases 
peptic digestibility will lower the nutritional value of the 
treated protein in spite of patterns of subsequently released 
amino acids which are equally good. The significance of this 
fact is not yet understood. Howevei’, work is continuing to 
determine the nutritional importance of amino acid patteims 
during the early stages of absorption, and the effect of peptic 
digestion upon the subsequent digestion and utilization of 
protein. 

SU:\1MARV 

The relationship betAveen the pattern of amino acids re- 
leased by digestive enzymes and the biological value of food 
proteins was studied. The pattern of amino acids released 
in vitro by pepsin re^maled differences between proteins Avhich 
were not apparent from their total essential amino acid con- 
tent nor from the patterns existing when the pepsin digests 
Avere further digested AA-ith tx’ypsin and erepsin. 

An amino acid index is described Avhich takes into account 
the physiological availability of amino acids during digestion. 
The neAA" index combines the pattern of essential amino acids 
released' by in vitro pepsin digestion Avith the amino acid 
pattern of the remainder of the protein to produce an inte- 
grated index — the Pepsin-Digest-Kesidue (PDR) amino acid 
index. The PDR index Avas closely correlated Avith the net 
protein utilization Amlue of a vai-iety of proteins. Division 
of the PDR index by the digestibility coefficient of the re- 
spective proteins yielded Amlues AAdiich accurately predicted 
the biological Amines of the proteins studied. 
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Most animals at some time during their life cycle are likely 
to undergo periods in which dietary restrictions lower the 
growth below the maximum obtainable. The influence of diet 
on life span has been recently reviewed by Silherherg and 
Silberberg (’55). Osborne and Mendel (’14) first reported 
tliat suppression of the growth of rats did not erase the 
capacity to grow. Clarke and Smith (’38) noted that caloric 
restriction for three weeks would not prevent rats from 
attaining the size of the controls. Earlier, Stewart (’16) had 
also noted that after short periods of star%'ation rats do have 
the ability to attain the control size. Factors such as pro- 
longed periods of stunting (Clarke and Smith, ’38; Quimby, 
'48; .Tackson and Stewart, ’20; and McCay et ah, ’35, ’39) 
and growth restrictions during suckling (Schultze, ’.55; and 
Jackson and Stewart, ’20) have not allowed animals to reach 
full size after a period of liberal feeding. The literature has 
been reviewed on cattle and interrupted growth by lYinchester 
and Howe ( ’55) and they have .also shown that steers restricted 
in their energy intake and then refed would attain the size 
and approximate composition of the controls. Tlie restricted 
steers made a weight gain equal to that of the controls on 
about the same amount of feed even though it took a lonirer 
period of time. 
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The influence of nutrient restriction and subsequent re- 
covery on body composition of simplc-stomacbed animals 
has not previously been studied nor has much attention been 
given to the total amount of food required due to the inter- 
ruption of growth and subsequent recovery. Therefore, these 
experiments were designed to study these factors and to at- 
tempt to deflne experimental conditions more rigidly. This 
was done b}^ studying both a total food and energj^ restriction 
with purifled diets and by controlling food intabe on the 
basis of body woigbt“''’ (Kleiber, ’47). 


EXPEUIMENT.-M. 

The experimental design, ration composition, and food in- 
take in experiment 1 are illustrated in table ]. The rats of 
lot 1, the control, received the basal ration ad libitiim for the 
entire experimental period. The food intake of the animals 
in lot 2 was restricted for 28 days, and then they were fed 
the basal ration ad libitum until they bad eaten an amount 
equal to that consumed by lot 1. Lot 3 was fed in a similar 
manner to lot 2, except that the rats were restricted in energj^ 
intake (sucrose and cottonseed oil) but given an intake of 
protein, minerals, and vitamins equal to lot 1. The degree of 
food or energy restriction was 70% of the intake of lot 1, 
per unit of metabolic body size (body weight'’ ""’ ; Kleiber, 
’47). Therefore, the actual food intake of lot 2 and the enei’gy 
received by lot 3 were decreased each week so that each was 
less than 70% of the amount received by lot 1. These factors, 
however, remained at 70% on the basis of body weight'’-'*'’. 
This was done because of the greater weight increase of the 
rats in lot 1 and hence a greater maintenance requirement 
than for lots 2 and 3. The animals of lots 2 and 3 were thus 
pair-fed Avith lot 1. 

Eighteen male Aveanling rats (Sprague-Dawley strain) were 
used in each group. Nine in each group Avere killed for body 
composition studies at the end of the restriction period. The 
remainder Avere killed at the end of the experiment. Body 
composition AAms determined on the body minus the gastro- 
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intestinal tract and contents. As suggested by Pace and 
Eatlibun (’15) and confirmed by Meyer (’55), body ^vater was 
determined and the fat-free body calculated from tbe body 
water content. The constant of 73.57c water in the fat-free 
body was used. 

The feeding in experiment II was conducted in the same 
manner as in experiment I except that the food restriction was 
for 21 days. IVeighing conditions were changed slightly. To 
nullify the influence of the gastrointestinal content on body 


T.\BLE 1 

Exprrijncnlal design and food consumption in experiment I 



LOT 1 

LOT 2 

JJ3T 3 

CONSTITUENTS 
or DIET 

Control 

TOCf foo4 
ronpumption 
of lot 1 * 

70 

ronsumptioa 
of lot 1 * 


fttft 

ffm 

ffin 

Average food consumption 

during restriction period 


Sucrose 

173.6 

92.2 

65.2 

Cottonseed oil 

12.4 

6,6 

4.6 

Crude casein 

4P.6 

26.4 

49.6 

Vitamin mix 

2.0 

1.3 

2.5 

Salts IV* 

P.D 

5.3 

9.9 

Total 

24S 

131.S 

131.S 

Average 

food couFumption during recovery period 


Sucrose 

170.6 

250.7 

252.1 

(\>ttoiiseed oil 

12.2 

17.9 

1S.6 

Crude casein 

4S.S 

71.5 

72.0 

Vitamin mix 

2.4 

3.6 

3.6 

Salts IV 

D.S 

14,3 

14.4 

Total 

243.S 

3.57.4 

360.1 

t^rand total 

4D1.S 

4S9.2 

491.9 


* Tht' foot] roiiviiinjitkm of tlio'-o lot? of tljp controls per unit of lio*]v 

’The vitnnun mix containnl tlu' vitamin** in 

tliianiinc rihoflavin prritloxino niacin calcium pniitothcnatr 
folic acid 3, hiotin 1. and vitamin B,, o.il, Sticro*** v.n*. addt <i to (‘fpuil loo j>m. 

’Ample amount? of vitamin' A, B. }', and K icon* 'iippli^d ^*o«.V.lv hv oral ad- 
tnini*^trnlion. 

M’KilUp' and Unrt, J. Bud. Ctirm.. :>>?: r*r»T .. 


124 


J. H. MEVEK, C. E. LUEKEI! AXU J. D, SMITH 


Aveight, the rats Avere kept 12 hours Avithout food before A\'eig] 
ing at the start and at the end of the experiment. In additio 
the entire body (including gastrointestinal tract and contents 
Avas analyzed for Avatcr. Koch (’56) noted no difference i 
body composition betAveen rats kept 32 hours AA'ithout foe 
and those analyzed AA'ith the intestinal contents reraoA'od. 

The analysis for Amriance for paired data (Snedccor, ’4( 
AA'as the statistical treatment for comparison. 

RESULTS Ai\D DISCUSSIOX 

Table 2 presents the tAA’o experiments. These results aa'c: 
similar. Reduction in groA\dh due to either an energj’’ or tot 
food restriction AA'as about equal. An analysis of the carcai 
for fat and AA'ater and the calculation of fat-free tissue, sIioaa'i 
that there AA'cre no differences betAA'cen the Iaa'o deficiencic 
This indicates that the primai'y deficiency of the total foc 
restriction is one of energy as far as can be measured I 
gains or body composition. 

After realimentation, AA'hen the restricted rats AA'ere alloAA-c 
to consume a total amount of food equal to that consumed 1 
the controls, a remarkable ability to recoA'er from this groAA*' 
interruption AA'as demonstrated. In the first experiment AA'i 
the 4-AA'eek restriction period, both groups of “deficient” ra 
came AA'ithin 9 gm of the AA'eight of the ad libitum-fed control 
HoAA'ever, in the second experiment, AA'ith a three-AA'eek foc 
restriction, there AA'as no statistical difference belAA'een tl 
controls and their restricted groups in respect to AA'cight gain 
These results are in agreement AA'itli those of Clarke and Smi 
(’38) and Quimbj’’ (’48). The AA'ork of Winchester and Hov 
( ’55) shoAA'ed that little extra feed AA'as required by the 
energy-restricted steers in comparison AA'ith the full-fed steer 
The fat and fat-free tissue content of the carcasses or bodn 
AA'as the same for the rats restricted in energy and those f< 
ad libitum. This Avas not true, hoAA'CA'er, for the rats restrictc 
in total food. These animals, AA'hile about the same in AA'eigl 
had a greater amount of fat and a lesser amount of fat-fr< 
tissue. Apparently an adAmntage is gained for animals durir 


POOD AJ^ EXEKGY BESXKICXIOX 


125 


TABLE 2 

Effect of food and energy restriction and of realimentation upon body composition 
and food utilization in rats 


FOOD RESTRICTIOK 


FOOD EESTRICrrOJT PLUS 
REARnrEXTATlOK 


Lot 1 
Controls 


Lot 2 Lot 3 
Pood re- Ener?:y re- 
striction striction 


Lot 1 
Controls 


Lot 2 Lot 3 
Food re- Ener^ re- 
striction Etriction 


EXPERIMENT 1 


Xo, of days 

28 

28 

28 

42 

51 

55 

Rats per group 

18 

IS 

IS 

9 

9 

9 

Menu gain, giii 

lU 

39" 

40" 

1SG.3 

177.1 = 

176.8 = 

Mean final wt., gm 

167 

93" 

93 * 

239.1 

231 

229.7 

Carcass data: 







Carcass analyzed 

9 

9 

9 




Mean carcass wt., gm 

151.4 

SO" 

S3.7" 

221.4 

213.2 

214.7 

Fat: 







Wt., gm 

IG 

4.9" 

4.9" 

25.5 

29.4 

24.0 

Percentage * 

31 

19.1 > 

19.5" 

33.G 

38.5 = 

33.1 

Dry fat free body: 







Wt., gm 

34.5 

20.7" 

20.1 " 

49.9 

4G.4 " 

4S.5 

Percentage ^ 

OS. 4 

80.9" 

80,5 " 

GG.4 

C1.5 = 

66.9 


EXPERIMENT 11 


Xo. of days 

21 

21 

21 

35 

42 

41 

Kats per group 

12 

12 

12 

G 

G 

6 

Moan food 
eonstimcd, gm 

212.3 

12S.4 

12S.4 

444.8 

444.1 

442.9 

Mean gain, gm 

73.2 

35.5 * 

43.3 " 

349 

14G.S 

140.2 

^^ean final tvt., gm 

139.7 

104.1 ‘ 

112.7" 

216 

215.4 

209.6 

Composition : 

Hats annlyrt'd 

r> 

G 

6 




Fat: 

w«.. Km 

11.3 

4.3" 

4.2 * 

22.5 

24.7 

21. S 

Percentage ’ 

25.4 

14.G ‘ 

13.1 " 

oO.O 

33.6 

31.3 

Dry fat fn'e body: 

Wt.. gm 

32.7 

25.4 * 

27.S ' 

49.5 

48.6 

47.8 

Percentage " 

74. G 

S5.4 * 

$6.9 " 

69.1 

C6.4 

6^,7 

' IPjgldy significant iHfTertnce 
"Signifioatrt difTert^nre from c( 

fiotn coni 
tutnd'*. 

iroU, 
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growth hiterruptiou if the consumption of protein, vitamins, 
and minerals is maintained at or above their requirements. 
This was not a^jparent at the end of their period of growth 
restriction but was at the end of the realimentation. 

It has been well established that maintenance requirements 
decrease as undernutrition progresses (Stewart, ’16; Thom])' 
son and Mendel, ’IS; Jackson, ’37; Forbes et ah, ’.3S; and 
Quimby, ’48). This may be due to a lower basal metabolism 
(Horst et ah, ’34) or increased digestibility of food (Quimby, 
’48), or both. Restricted rats in these experiments were able 
to make gains similar to those of the ad lil)itum-fed controls 
when given an equal total food intake oven though the total 
time on experiment was longer. This seems to indicate that 
the lowered maintenance requirement from restricted feeding 
was prolonged into the unrestricted feeding period. 'Win- 
chester and Howe ( ’55) suggested this for steers. Also it 
has been reported by Horst et al. (’34) that lowered basal 
metabolism induced by starvation continued about 7 days 
after adequate nutrition was initiated. 

SUMMARY 

Growing rats were restricted in their food oi* energy intake 
for three or 4 weeks at 70% of the food intake per unit of 
body weight"-^"’ of the ad libitum-fed controls. They were sub- 
sequently fed a total amount of food equivalent to that con- 
sumed by the controls. The rats in the first experiment in 
which the food and energy intake were restricted for 4 Aveeks 
came Avithin 9 gm of the Aveight gain of the controls. This 
AA'as accomplished eAmn though the experimental period A\'as 
longer for the restricted rats. In the second experiment there 
AA'as statisticallj’- no difference betAveen groups in Aveight gains. 

Ermn though there Aims little difference in Aveight gains 
betAveen rats restricted either by energy or total food intake, 
differences Avere apparent in body composition. The propor- 
tion of fat to fat-free tissue for the rats restricted in energy 
intake and subsequently refed AAms the same as that of the 
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ad libitum-fed controls. However, a greater proportion of 
fat was found in the bodies of the rats which were restricted 
in total food intake and subsequently fed adequately. 
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IXTRODUCTION 

Studies by Rosenberg and co-As-orkers ( ’52, ’54) have sbomi 
that the addition of Lrlysine to a bread diet supplemented 
with fat, salts and vitamins, increases the rate of growth of 
weanling rats. The bread was made with wheat flour and 
contained three parts of nonfat milk solids and two parts of 
yeast per 100 parts of flour. A deficiency of lysine was to 
be expected in a diet composed mainly of ivheat flour. Many 
workers in nutrition since Osborne and Mendel ( ’14) have 
shown that tlie proteins of wheat and other grains are low 
in lysine. Since tliese gi'ains are also used in the manufacture 
of cereals, whicli ai-e almost invariably eaten with milk, a 
study was set up to determine whether the addition of n-lysine 
to a cereal and milk diet would enhance its nutritive value. 
E. B. Hart ( *52) pointed out the shortcomings of cereal 
liroteins but since they are served with milk, he recommended 
that the protein value of the combination should be considered 
since the milk ivonld dissipate any inferiority of the cereal 
in respect to its protein. 

In the present experiments the effect of addition of L-lysine 
to a diet of cereal * and powdered whole milk on the growth 
of male weanling rats was dotorminod. Ot\o ounce of this 
cereal is usually mixed with 5 oz. of fluid milk in infant feed- 

* The corml in rnMum Owcnl .Tolmson 

nml Co.), oon*.i*'Tinj: wljmt mm) (f.nriri.'i ». ontnunl, yellmv com tnml, whmt 

>:rnn. rnlrintn j>(OVilrrr<l nlfnlfn yi-avt, 

rltlori'lf ;in<i rithin'i) iron. 

ICO 



HERBEHT P. SARETT 


i:]0 

iiig. In the present experiment the basal diet contained 70% 
of cereal and 30% of powdered milk, equivalent to a mixture 
of 1 oz. of cereal and 3.5 oz. of fluid milk. 

EXPERIMENTAL 

Six groups of 10 male weanling rats each were housed in 
individual screen-bottom cages, maintained in an air-condi- 
tioned room at 76 to 7S° F. and fed the experimental diets 
for 6 weeks. The basal diet, 1, consisted of 70% cereal and 
30% powdered whole milk. Diets 2 and 3 contained in addition, 
0.14 and 0.28% of ir-lysine," respectively. This is equivalent 
to adding 0.2 and 0.4% of L-lysine to the cereal component of 
the diet. These levels of lysine added to a broad diet have 
been shoivn to give marked stimulation of growth (Rosenberg 
et ah, ’52, ’54). Diets 4, 5 and 6 corresponded to diets 1, 2 
and 3, respectively, and contained in addition a vitamin 
mixture containing B vitamins, ascorbic acid and fat soluble 
vitamins (Sarett and Snipper, ’54) to make sure that the 
growth response was not limited by any vitamin inadequacy. 
Calculations showed that all of the diets were adequate in 
regard to the minerals required for growth of rats. The 
animals were weighed each week and records were kept of 
food and water intake during the course of the experiment. 

RESUI-.TS 

The average weight gain and food and water intake for 
each group of animals are shown in table 1. On diet 1, 
consisting of only cereal and powdered milk, the animals 
gained an average of 192 gm in 6 weeks, whereas on the '5 
diets supplemented with n-lysine or vitamins or both, the 
average gains were 200 to 204 gm. There was no significant 
difference between the weight gain on diet 1 and that found 
on any of the other diets. A comparison of weight gain on 
diets 1 and 2 showed a non-significant p value of approximately 
0 . 2 . 

Lysine was added in the form of Darryl (du Pont Co.) containing 95 % 
of L-lysine • HCl and 5% of D-lysine • HGl. 
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Diet 4 consisted of cereal and milk supplemented Mith vita- 
mins and supported an average weight gain of 202 gm. With 
L-lysine also added, diets 5 and 6, weight gains of 200 and 204 
gm, respectively, were obtained. These data show that the 
growth of weanling rats on a cereal and milk diet was not 
significantly improved by the addition of L-lysine or a vitamin 

TABLE I 


Effect of added i^dysinc and vitamins on growth of male weanling rats on a 
diet of 70% cereal and S0% powdered whole milh 



DIET 1 

DIET 2 

DIET 3 

DIET 4 

DIET 5 

DIET 6 

Added 

A^itamins ' 




JL 



Added 

L'lysinc, % 


0.14 

0.2S 


0.14 

0.28 

No. of rats 

10 

10 

9 

s 

9 

10 

\Vt. pain, 
pm per rat 

1 wk. 

20 

28 

20 

27 

30 

32 

2 wk. 

r>i 

r>3 

02 

03 

61 

66 

3 wk. 

OG 

00 

09 

100 

06 

101 

4 wk. 

120 

134 

12S 

132 

131 

133 

5 wk. 

1G3 

174 

1G4 

170 

170 

173 

wk.* 

102 2: 20 

204 2: 20 

203 ± 17 

202 2: 35 

200 2: 18 

204 2r 38 

Food intake, 
pm per 
(i wk.* 

noi 2: 42 

530 ± 30 

520 ± 30 

532 2: 20 

527 ± 50 

564 2: S9 

Food 

enicioneVy 
pm p.ain 
per 100 
pm food * 

:kS 2: 2 

30 2: 3 

30 :i: 2 

3S ± 2 

3S r: 2 

37 - 6 

Water 
intake, 
ml por 

0 wk. 

1030 

loro 

,00 0 

030 

010 

1010 

ml per 
pm food * 

2.1 2: 0.3 

2.0 r 0.,3 

1.0 - 0.4 

1.7 ± 0.2 

1.7 2: 0.3 

l.S - 0.4 
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mixture or both. Growtli on these diets "was about the same 
as that obtained with good stock or experimental diets. 

The average food intake on each of the 6 diets varied from 
501 to 564 gm for tlie G-week period, and the food efiiciencies 
Avere calculated to be 37 to 39 gm gained per 100 gm of food. 
There were no significant differences in average food intake 
or food efficiency values among tlie groups on the six diets. 
The average water intakes Avere 912 to 1070 ml and ranged 
from 1.7 to 2.1 ml of Avater per gram of food. The differences 
betAveen groups AA-ere not significant. 


niscussiox 

Feeding of a diet containing 70% cereal and 30% dried 
milk solids (a proportion containing less milk than Avould be 
used in feeding the cereal to infants) results in good groAvth 
of rats AA'hich is not significantly improA’ed by the addition 
of a lysine or Autamin supplement. Milk and cereal complement 
each other; e.g., the Ioav levels of riboflavin and certain amino 
acids in cereals are made up by the milk, and the deficiency of 
iron in milk is overcome by the cereal. 

In the aboA^e diet about 60% of the protein Avas supplied 
by the cereal (16% protein) and 40% by the poAA'dered milk 
(25% protein). This leA^el of milk pi-otcin makes up for the 
amino acid deficiency in the proteins of most cereal -products. 
This point has been emphasized by Hart (’52) in discussing 
the utilization of cereal proteins. 

The level of lysine in the bread diet of Kosenberg et al. 
(’52, ’54) AA^as 0.3 to 0.4%, AA’hereas Eosc (’37) has sboAA’n 
that 1% of lysine is needed in the diet for good groAvth of 
rats AAdien a complete amino acid mixture is proAuded. In the 
present study, the cereal contained 0.69% of lysine (micro- 
biological assay) and poAAxlered AA’hole milk has been calculated 
to contain about 2% of lysine (Macy et al., ’53). The Ij’-sine 
content of diet 1 can therefore be calculated as folloAvs : from 
70 gm of cereal, 483 nig of Ij'^sine; from 30 gm of poAA'dered 
whole milk, 600 mg of lysine; total, 1083 mg of lysine/100 gm 
diet. 
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This mixture of cereal and milk contains 1.08% of lysine, 
which exceeds Rose’s requirements for rat growth. If 39% 
milk solids were used in the diet (as would he obtained from 
a mixture of 1 oz. of cereal and 5 oz. of fluid milk), the milk 
alone would provide 780 mg of lysine per 100 gm diet (on a 
dry weight basis), and only a small amount of lysine in the 
cereal would be needed to bring the lysine value up to 1%. 

From the data on food intake the average lysine intakes of 
the rats on diets 1 and 4 have been calculated for each week 

TABLE 2 

Change in h/jiinc %ntal:e during growth of rats 


WEEKS ArTER WEAN'IKG 




1 

2 

n 

4 

5 

6 


^Rat weight/ gm 
Lysine intnkc, 

G4.7 

95.0 

128.5 

161.1 

194.7 

228.7 

Piet 1 > 

ing/dny 

Lysine intake, 

S2 

111 

131 

137 

147 

164 


ing/kg/day 


1170 

1010 

850 

755 

715 


^Rat weight/ gm 
Lysine intake, 

G3,2 

94.4 

130.8 

165.6 

200.1 

235.1 

Piet 4 i 

mg/d ay 

Lysine intake, 

SI 

117 

140 

150 

162 

173 


mg/kg/dny 

1280 

1245 

10G5 

905 

810 

735 


* \voT;if^o midweek wciglits. 


of the experiment. The lysine intakes per kilogram of body 
weight Averc based on the midweek weights of the rats (table 
2). The data show that the lysine intake per kilogram of body 
weight decreased each iveek as the rats grew. During the 
first week following weaning less than 3300 mg of lysine per 
kilogram per day supported good growth. This is appro.x- 
imately half the figure of 2750 mg reported as required for 
growth of the 50 gm rat by Albritton (’53). 

.SUMMARY 

The gain in weight of male weanling rats on a diet of 70% 
cereal and 30% jiowdered whole milk was not sitriiificantly 
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increased by the addition to the diet of 0.14 or 0.28% of 
E-lysine (equivalent to 0.2 or 0.4% of L-lysine added to the 
cereal). Addition of a .supplementary vitamin mixture had 
no significant effect on weight gain with or without added 
lysine in the diet. 

The diet of 70% cereal and 30% powdered milk contained 
approximately 1.08% lysine, which e.xceeds the requirement 
for growth, 1%, found by Rose (’37). A mixture of 61% 
cereal and 39% powdered milk (which is equivalent to one 
part cereal and 5 parts fluid milk such as used in infant 
feeding) contains approximately 1.2% lysine. 

On the diet of 70% cereal and 30% powdered milk rats 
grew as well as they do on stock diets or on good e.xperimental 
diets used in these laboratories. From the data on food 
intake during the growth period it has been calculated that 
the daily lysine intake decreased from about 1275 mg per 
kilogram of body weight during the first week after weaning 
(average midweek weight, 65 gm) to about 725 mg per kilo- 
gram diiring the 6th week (average midweek weight, 230 gm). 
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Significantly liigher than normal values for alkaline phos- 
phatase activity had been found for the liver of adult rats 
that had been maintained on a protein-deficient — high car- 
bohydrate diet (Ross, Ely and Archer, ’53 ; Ross and Ely, ’54). 
The question arose whether the amount of protein included 
in the diet was directly correlated with the amount of hepatic 
alkaline phosphatase activity. Plasma and intestinal alkaline 
phosphatase activity was shown to be affected by the quantity 
(Lawrie and Yudldn, ’49) or quality (Weil and Russell, ’40) 
of lipid material in the diet. The activity of hepatic alkaline 
phosphatase in rats kept on specially planned rations has been 
found to be controlled by the absolute amount of casein and 
dextrose and by the proportion of casein and dextrose in the 
diet. 

PROCEDUEE 

Male I’ats of the Wistar strain weighing 175 to 190 gm were 
used, 696 in all. After weaning, those rats had been maintained 
on a commercial food which contains approximately 23% pro- 
tein.’ The rats were then maintained for 21 to 23 days on 
semi-s\nithotic diets. Those diets were designed with varying 
proportions of washed casein as the protein and of dextrose 
as the carbohydrate. The content of fat. salts and vitamins 
was held constant. All diets contained salt mixture USP XII. 
4% ; corn oil, 5% : rice bran extract,^’ 2%. snjqdemented with 

' Purina Vov Tood Blox. 
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0.002% riboflavin. Non-nutritive fiber (NNF) was used as a 
filler. Tbe rats bad access to water at all times. 

At tbe conclusion of tbe test feeding period, rats from each 
group were decapitated. Weigbed pieces of liver were im- 
mediately homogenized in cold water for 30 seconds in a 
Waring Blendor at low speed. Sodium glyeeropbospbate, 
5 mg/ml, at iiH 9.1, was used as tbe substrate for tbe alkaline 
phosphatase determinations which were made at 37°C. on 
aliquot portions of this liver homogenate (Ross, Ely and 
Archer, ’53). Tbe unit of activity used was tbe inicrograms 
of phosphorus liberated per milligram of fresh liver per hour. 

KK.StJLTS AND DTSCU.SSION 

Different casein and dextrose propoiiions in the diet 

In order to determine the effect on aUvaline phosphatase ac- 
tivity of different casein and dextrose proportions, 9 gi'oups 
of 12 rats each were maintained on 9 diets, in Avhich the casein 
plus dextrose was always 80% of the total food mixture. Each 
diet contained 2% vitamin, 5% oil, 4% minerals and 9% non- 
nutritive fiber. The voluntary food intake of the rats was 
determined daily during the feeding period. 

Alkaline phosphatase activity was found to be related (1) 
inversely to the amomit of casein in the diet up to 30% (fig- 
1); (2) beyond 40%, directly to the amount of casein in the 
diet; (3) directly to the amount of dexti’ose in the diet down 
to 50% ; and (4) inversely to the dextrose content of the diet 
below 40%. Minimum enzyme values were therefore found 
when diets contained 30 to 40% of casein and 50 to 40% of 
dextrose. 

The high alkaline phosphatase activity jDer unit weight of 
fresh liver found Avhen rats were maintained on a casein-free 
or dextrose-free diet may represent an increase (a) in the 
amount of total enzyme in a given amount of tissue, (b) in 
amount of active enzyme, or (c) in the concentration of enzyme 
substance within the cell. It had been shown by Ely and Ross, 
(’53) that the level of hepatic alkaline phosphatase activity of 
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rats maintained on a protein-free diet for a considerable 
period of time iras unchanged for the individual cell. On the 
other hand, the enzyme level had been shovm (Ely and Eoss, 
’54) to change more rapidly than the number of cells per unit 
mass of fresh tissue indicating that the increase in activity 
is the result of both changes in concentration and in amount. 

Voluntary food intake was lowest in those rats maintained 
on either a casein-free or dextrose-free diet (table 1). Veight 



% DEXTROSE 80 60 40 20 0 

1 Effect on hepatic alkaline phosiphatase activity of diets containing dif- 
ferent proportions of casein and dertrose. 


TABLE 1 

Food iniahe and lodjy vrei/jht of rats Tuaintaincd on ditts diffrrinf; in 
proportions of casein end dextrosr 


c.isr.ix 

Pj:xTi:o.<E 

Avrr.xcr. 

roon intake: ncniN'C 
rrtnisc pehioo 

•KNTlRAr.r 
r.vT wr.icnT 

Initisl 

Final 


To 

prt 

<r»n 


0 

SO 

11.3 

I'iO 

1.34 

10 

70 

loA 

ISO 

2^1 

*J0 

00 


1S3 

220 


r>o 

17.3 

3 S3 

24 

4r> 

?»r> 

13.1 

ISO 

0 4* 

-.'ft 

I'n 

20 

12.3 

1^0 

224 
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loss Avas apparent in rats on the casein-free diet and weight 
gain was greatest in tliose receiving tlie 30 to 45% casein and 
50 to 35% dextrose diets respectively. 

Different amounts of a diet 

The effect of ditfercnt amounts of a diet on alkaline phos- 
phatase activity was therefore tested. Three groups of 20 
rats each were maintained on three different amounts of a 
diet containing 20% casein and 36% dextrose. The oil, min- 
erals and vitamins were added to the diet in such amounts 


TAISCE i 

Alkaline phosphatase value and atnoiiiit of food intake 




IMKTAKV XXORKDrrXTS 


rooD 

AI4KA1-1.V1: 


Casein 

Dex- 

trose 

Oil 

Min- 

erals 

Vitn- 

inins' 

K.X.F. 

IX- 

TAKK 

DiosniATAsn 

activity 

Group I 







! 7 fn 

units 

% of diet 

20 

30 

5 

4 

O 

33 


0.741 It 0.057’ 

gm/ilny 

3.2 

5.8 

O.S 

0.04 

0.32 

5.3 

10 


Group II 









% of diet 

o 

Cl 

30 

10 

S 

4 




gm/day 

l.C 

2.9 

0.8 

0.04 

0.32 

1.8 

s 

0.099 ± 0.047 

Group III 









% of diet 

20 

30 

20 

10 

S 

0 



gm/day 

o.s 

1.4 

0.8 

0.04 

0.32 

0 

4 

0.057 ± 0.047 


^ StaiuLard error of tlic mean. 


that every rat consumed identical quantities of these ingredi- 
ents (table 2). Rats of group I consumed on the average 16 gm 
of food per day. Rats of group II were given one-half this 
ration or 8 gm per day, and group III rats one-quarter the 
ration or 4 gm per day. 

A slight decrease in alkaline phosphatase activity was found 
Avith decreasing food consumption ; howeA’er, the actiAuty Avas 
not found to vary significantly or appreciably Avith the amount 
of food consumed (table 2). Since the loAvost actmty Avas 
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found for those rats which consumed the largest amoimt of 
food and the highest activity for those which consumed the 
smallest amount when different proportions of casein and 
dextrose were consumed ad libitum, the amoimt of food con- 
sumed would not seem to be the determining factor for the 
amount of alkaline phosphatase activity. 

Different amounts of casein and of dextrose 

In order to determine the eft'eet on alkaline phosphatase 
of different amounts of casein and of dextrose, 43 groups of 
12 rnts each were maintained on 43 diets in which the amount 
of casein was varied for each level of dextrose and vice versa. 
Xon-nutritive fiber was added to the diets in amounts neces- 
saiy to make the sum of the. casein, dextrose and non-nutritive 
fiber 89%. Each diet contained 2% vitamins, 5% oil and 4% 
minerals. The data presented in figure 2 show the effect on 
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alkaline phosphatase activity of diets of the same casein con- 
tent but differing in dextrose content (vertical columns), the 
effect of diets of the same dextrose content but differing in 
casein content (horizontal lines), and the efl’ect of diets differ- 
ing in botli dextrose and casein content but similar in caloric 
content (diagonals). Standard errors have been omitted in 
figure 2 because the added figures would make comparisons 
more difficult. The differences found arc statistically signifi- 
cant. 

Variation in the level of casein or of dextrose. For casein 
alone, or for dextrose alone, hepatic alkaline phosphatase 
activity was found to rise with concentration of the constituent 
in the diet (fig. 2). The rise with concentration was more 
striking for dextrose than for casein. Addition of small 
amounts of casein to a dextrose diet, or of small amounts of 
dextrose to a casein diet, reduced the degree of the change 
in activity; sufficiently large amounts tended to reverse the 
effect so that the activity fell with increased concentration 
of the component in the diet. Dextrose, however, was a more 
potent factor than casein in producing these changes. For 
example, casein reversed the effect for dextrose only when 
the dextrose concentration was 30% or less. Similarly, 10% 
casein reversed the effect for dextrose only at dextrose con- 
centrations of 40% or less, Avhile 10% dextrose reversed the 
effect for casein at casein concentrations as great as 60%. 
The lowest values for affialine phosphatase activity therefoi’e 
were found in rats fed diets containing approximately equal 
proportions of casein and dextrose. 

Variation in the level of both casein and' dextrose. A com- 
parison was made of the effects of variation in the amounts 
of casein and dextrose where the sum of the casein plus dex- 
trose was essentially constant (diagonal lines in figure 2). 
Since the casein used gave a nitrogen analysis of 13.8% (86% 
crude protein) the diets which had the same sum of casein plus 
dextrose were essentially constant in caloric value. Alkaline 
phosphatase activities for each of these groups of diets varied 
with the proportion of casein to dextrose. From group to 
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group, the activities also varied with the caloric eouteut of 
the diet. The highest activity in each group of calorically 
similar diets was found to he directly related to the caloric 
content of the diet (fig. 3). On the other hand, the lowest 
activity in each group of these diets was found to be inversely 
related to the caloric content of the diet. TVlien the caloric 
content ivas lower the amount of change was less, whether 
maximum or minimum. 



% CASEIN + DEXTROSE in DIET 

Fig. 3 EfToct ou alkiiUnc phosphatnse aclivitj of groups of diets calorically 
Minilar. Q = maximum activity in a group of calorically similar dic'ts. 0 = 
minimum activity in a group of calorically similar diets. 


SUMMARY 

Alkaline phosphatase activity of rat liver has been found to 
ho sensitive to variation in the proportion of casein and dex- 
trose in the diet. Activity values were found to he liigh not 
only wlicn there was a large proportion of dextrose but also 
when there was a large proportion of casein in the diet. Low 
activity values were found when these dietary constituents 
were present in approximately equal proportions. Alkaline 
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pliospliatase activity -was found to be directly atTccted by vari- 
ation in tlie casein content vdien the dextrose content was held 
constant and by variation in the dextrose content wlicn the 
casein content ivas held constant. A variation in the amount 
or in the proportion of the dietary factors, casein and dextrose, 
has been shovn to alter the alkaline phosphatase activity. 

LITERATURE CITED 

Ely, J. O., axd M. II. Boss 1053 Pliospluitasc nctivitr in rat liver in relation 
to cells and mitocliondria, J. Franklin Inst., 473-475. 

1954 Kapid reversal of some efTocts of protoin'frcc diet. Ibid., 

25S: 317-318. 

Lawrie, N. B., and j. Vudkin 1949 Studies in biochemical adaptation. Effect 
of diet on tlic intestinal phosphatase of the rat. Biochem. J., 
438-440. 

Ross, M. H., AND J. O. Ely 1954 Protein-depiction and age. J. FrankUii Inst., 
25S: 241-243. 

Ross, M. H., J, O. Ely and ,T. Akotiek 1953 Variation in e.xtractability of 
phosphatase and nitrogen in liver of rats on protein-varied diets. Ibid., 
eSS: 87-89, 

Weil, L., and M. A. Russell 1940 Studies on plasma phosphatase activity in 
relation to fat metabolism in rats. J, Biol. Chem., ISG: 9-23. 



PROCEEDINGS 

OP THE TWENTIETH ANNUAL MEETING 
OP THE AMERICAN INSTITUTE 
OP NUTRITION 

CO>a'EN*TIOX HALL, ATLANTIC CITY, NEVT JERSEY 
APRIL 15-20, 1956 


COUNCIL MEETINGS 

Council meetings were held at Chalfonte-Haddon Hall, 
Atlantic City, on Sunday, April 15, and Monday, April 16. 
Formal actions of the Council are reported in the following 
minutes of the two business meetings held on April 17 and 
April 19 in Convention Hall. 

SCIENTIFIC SESSIONS 

One hundred and thirty-two papers wei'e submitted by 
members. Ten of those were read by title, 5 were transferred 
to biological chemistry, one to physiology, and 12 to inter- 
society sessions. Thus 104 papers submitted by members, 
together with 18 received from other member societies (14 
from biological chemistry, two from pathology, one from phy- 
siology', and one from immunology), were arranged into 12 
half-day sessions. In addition, one half-day session Avas 
devoted to a symposium entitled “Amino Acids and Proteins.’’ 

nUSINESS MEETINGS 

1. Mivvirs. The minutes of the 19th annual meeting, as 
jmblished in the September 19.5.5 issue of the Jotininl of 
Niiiritiov, were approved. 
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2. Election. The secretai’y tvaiismittod the ballots to the 
Tellers’ Committee, Dr. B. S. Scluveigert and Dr. A. Arnold. 
The committee reported election results on 227 ballots cast as 
follows : 

President: II. J. Deuel, Jr. 

Vice President: P. P. Williams 

Treasurer: John B. Brown (3-ycar tcnn) 

Councillor: E. W. McHenry 

Associate Editors (4-year term bef^inniiif^ May I, 395G) : 

Clarence P. Borg 
C. G. Mackenzie 
H. R. Bird 

On the basis of the suggestions on the ballot returns, 
President Sebrell appointed the following Nominating Com- 
mittee for 1956-1957 ; 

D. V. Frost, Chairman 
W. J. Darby 
D. M. Hegsted 
J. B. Allison 
C. A. Baumann 

3. Membership. The Secretary reported that as of April 
1, 1956, there were 388 active members and 41 retired mem- 
bers, or a total of 429 members in the American Institute 
of Nuti’ition. The following members passed away during 
the year: 

Dr. C. Robert Moulton, April, 1955 
Dr. E. G. Ritzman, May 15, 1955 

Dr. Henry C. Sherman, October 8, 1955 (Past President) 

Dr. Kate Damn, December 31, 1955 

The following resolution was adopted with respect to the late 
past president Sherman; 

‘'The American Institute of Nutrition has learned, ivith 
regret, of the passing away on Oetober 8, 1955, of Professor 
Henry Clapp Sherman, one of the prime organizers and an 
early president of the Institute. The members of the In- 
stitute here assembled in the twentieth annual meeting do 
hereby call attention to tlie many valuable contributions to 
nutritional science which were made bj" Professor Sherman, 
and to the significance of his important part in the establish- 
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nient, first of the Journal of Nutritioii, and later of this 
Institute itself. 

“The Institute wishes to pay tribute to his memory by 
placing this resolution in the ilinutes of the Society, and by 
communicating these sentiments of respect and condolence 
to the bereaved family. 

“It is especially fitting that a copy of this resolution be 
sent to the late Professor Sherman’s daughter — Caroline 
Sherman Lanford — an authority on nutrition in her own 
right. ’ ’ 

4. Treasury. The Auditing Committee, G. M. Briggs and 
A. E. Schaefer, submitted a written report that the report 
of the Treasurer was substantiated by the records of the 
Treasurer's Office. The Treasurer’s and Auditors’ reports 
were approved, and dues were approved at $1.00 per member 
for the coming year. By voice vote the outgoing Treasurer, 
0. L. Kline, was commended for the efficient and prompt 
manner in wliich his office functioned during his three-year 
term. 

5. Journal of Nulriiion. The Journal Editor, G. K. Cow- 
gill, submitted an annual report, the summary of which 
follows : 


Volumes of the Journal 0 / Xuirifion^ 1955 

Nos. 55, 56, 57 

Number of papers submitted 

18S 

Number of papers rejected 

23 

Number of papers published 

150 

Number of pages per article 

12.3 

Number of biographies 

3 


The papers published during the year covered research 
carried on in S9 laboratories representing 74 institutions. Due 
to the .'jonudnoss and financial success of the Journal as 
reported by The IVistar Institute, its publisher, the cost of the 
three volumes of the Journal to members for the year 1956-57 
has been temporarily reduced from $7.50 to $6.50. In addition, 
IVistar Institute lias agreed to print all stationery, bills, 
and other jirinted matter required by our Institute in its 
normal operation at no charge. 
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The Editorial Board adopted in principle the policy that the 
Journal does not look with favor upon the wide use of 
Federation Proceedings abstract issue as a journal to be 
used in “Literature Cited.” It was felt tliat references to 
abstracts in general would not be acceptable unless unusual 
circumstances merited their use. 

The policy of publishing supplements to regular issues of 
the Journal will be continued if authors agree to the costs 
involved. 

The Editor’s report was approved with a vote of ap- 
preciation to Dr. Cowgill for the efficient handling of Journal 
affairs. 

6. Reports of Standing Committees: 

(a) Joint Committee on Nomenclature (C. K. King and 
E. M. Nelson). The Committee recommended that 
the trivial name for l,2-dithiolane-3-valeric acid be 
“lipoic acid.” The Committee also recommended dis- 
approval of the recommendation of the Commission on 
Biochemical Nomenclature of the International Union 
of Pure and Applied Chemistry that the term pyridox- 
ine be used as a group name of naturally-occurring 
pyridine derivations with vitamin Bo activity. It was 
felt that “vitamin Bo” is a more suitable group name. 
The resignation of E. M. Nelson from the Committee, 
effective June 30, 1956, was a part of the report. 

The report was approved with a vote of thanks to 
Dr. Nelson for his long and faithful service on the 
Committee. 

(b) The Committee on the Registry of Pathology of Nuti’i- 
tional Diseases (H. Pollack) reported that reorganiza- 
tion and coordination of effort with a similar committee 
operating under the American Society of Experimental 
Pathology has consumed the efforts of the group during 
the past year. 
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(c) Eepresentative to tlie Food and Nutrition Board and 
tile Division ol Biology and Agricnltnre, N.B.C. (N. 
E. Ellis). The report included a recommendation that 
our Institute consider favorably the matter of extend- 
ing financial assistance to defray the costs of dis- 
tributing to high schools and junior colleges the N.E.C. 
publication, “The Challenge of the Life Sciences.” 
Upon the recommendation of the Council, the report 
was approved and the Treasurer was authorized to 
pay out of the Institute Treasury a sum of $50.00 
payable to Paul lYeiss, Chairman, the Biology Council, 
N.E.C., to aid in the distribution of the above named 
publication. 

(d) Eepresentatives on the AAAS Council (J. H. Eoe and 
P. B. Pearson) reported on the AAAS Council meetings 
held in Atlanta, Georgia, in December, 1955. The report 
contained the recommendations that our Institute 
should take advantage of additional programing of 
nutrition studies by extending sessions in this area at 
AikAS scientific meetings. The AAAS Council felt 
it desirable to secure opinions from afiiliated societies 
regarding the desirability of assessing affiliated member 
societies modest sums ($25.00) that might be used to 
help defray travel expenses of delegates to Council 
meetings. Upon the recommendation of our representa- 
tive on the AAAS Council (Dr. J. H. Eoe), this 
proposal was not approved. The overall report was 
approved as presented. 

(c) Eepresentative to the Nutrition Division of F.A.O. 
(P. B. Howe). In the absence of Dr. Howe, Dr. .1. H. 
Eoe served as representative for our Institute at the 
October, 1955, meeting of the National Conference on 
F.A.O. Doctor Eoe’s report, which included the re- 
commendation that at future National F.A.O. meetiims 
conference on problems of nutrition education should 
receive oonsideration. was approved as presented. 
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7. Nominations for j\Icmhcrsliip. Tlie Council received 24 
nominations for membership. The following 16 Avere recom- 
mended by the Council and approved: 


L. A. Bavetta 
D. E. Becker 
Louise J. Daniels 
Burt W. Ileyivaiig 
Edward G. High 
Theodore B. Van Itallie 
Ilerman F. Kraybill 
R. J. Lillie 


Olaf J>Iick(‘lson 
O. !Ncal Miller 
Lura Mac Odland 
Robert Van Rcon 
Harold i^L Scott 
!^^artha Trulson 
Walter G. TJnglaub 
C. M. Young 


8. Actions of the Federation Board. The Secretary re- 
ported on the actions of tlie Federation Board in its Sunday 
meeting as follows : 

(a) The proposal that an Executive Committee he set up 
within the membership of the Federation Board was 
defeated. 

(b) The Public Information Committee of tlie Federation 
Board (L M. Hoobler is American Institute of Nutri- 
tion representative on tlie committee) recommended 
the organization of a year-round Public Information 
service at Federation Headquarters- The proposal 
was approved by the Board in principle, and the 
committee was authorized to seek Hinds for the ex- 
penses involved in commitlee meetings that would 
need to be held during the coming year in order to 
formulate a definite plan for effecting a year-round 
public information service at Federation Headquarters. 

(c) The proposal that in the future, abstracts of ^‘Papers 
Bead by Title’’ no longer be printed in Federation 
Proceedings was approved. 

(d) The Board voted the Federation assessment of $4.00 
per member, tentatively adopted in 1955, to be contin- 
ued, with the acknowledgment that the $4.00 assessment 
is entirely used to pay costs of publishing Federation 
Proceedings. 

The report was approved as presented with the recom- 
mendation that our society also consider deletion of 
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“Eead Ijt Title” papers from tlie program issue of 
Federation Proceedings. 

9. Plans for Inter natio7ial Nnti'ition Congress in the United 
States in 1960. C. G-. King, in tlie absence of Chairman Paul 
Gybrgy, reported briefly on the actions of the committee au- 
thorized last year to effect preliminary planning for the 1960 
International Nutrition Congress in the United States. Perti- 
nent action -was as follows : Approval of the committee report 
that C. G. King serve as President of the 1960 International 
Nutrition delegate to the 1957 International Nutrition Con- 
gress in Paris, France. W. H. Sebrell, Jr., was designated 
as alternate delegate to the 1957 Congress. 

The committee report was approved as presented. 

10. Miscellaneous items. 

(a) Increasing the honorarium to the Secretary’s Office 
for secretarial assistance to $150.00 annually was ap- 
proved. An honorarium of $50.00 for secretarial as- 
sistance for the Treasurer's Office was approved. 

(b) The following resolution was prepared for these min- 
utes: 

KESOLrXIOX 

Be it resolved that the American Institute of N^utrition, as* 
scmblcd in Atlantic City, Xew Jersey, in its annual meeting, 

April 19, 19oG, place in its minutes for permanent record this 
statement of deep regret and sorrovr at the passing of its Presi- 
dent-Elect, Harry J. Deuel, Jr., and 

Bo it further resolved that high tribute bo paid to President- 
Elect Deuel for his outstanding scientific accomplishments in 
research in nutritional science, for his dcfinitiyc record in the 
preparation of scientific publications, for bis extraordinary record 
as an amba^'^ador in furthering international cooperation among 
scientists, and for his superb contribution to the fcllo'wship of 
this Society, and 

Be it further resolved that the Secretary of the Society be 
directed to send a copy of this resolution to his vrife, Mrs. Grace 
Deuel, and to his i nictitation, the Eniversily of Southern Cali- 
fornia. 

In view of the bite Dr. Doner? many contribution? in 
nutrition re?oarob and hi? devotion to American In- 
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slitiite of XulrilioN affairs, the meinbershii) adopted 
the recommendation of the Council that the olScial 
record ivill indicate the election of Dr. II. J. Deuel, 
Jr., as President for 195G-57 and that E. E. Williams, 
Vice-President Elect, he delegated to serve as Acting 
President for the year 1956-57. 

(c) A letter commending the American Society of Bio- 
logical Chemists for their Fiftieth Anniversary Cele- 
bration was forwarded by the Council. 

(d) The procedure of providing an inner envelope for the 
ballot to bo mailed inside the signed envelope, as a 
modified election procedure, was approved. 

ANNUAL DINNER AND PRESENTATION OF AWARDS 

The annual dinner of the American Institute of Nutrition 
was held on Wednesday, April IS, in the Madison Hotel, and 
was attended by 256 members and guests. The program high 
light was the presentation of awards by President Sebrell. 

The Borden Award in Nutrition was presented to Dr. Frank 
M. Strong of the University of Wiseonsin “for outstanding 
contributions on the nutritive significance of the components 
of milk.” Doctor Strong’s achievements as a research worker 
were described by Dr. C. A. Elvehjem. Doctor Strong re- 
sponded by extending his deep appreciation to the Borden 
Foundation for providing the Award, to nutrition co-workers 
for honoring him with the Award, and to his many co-workers 
that have aided in his professional advancement. 

The Osborne and iSIendel Award was presented to Dx’. A. 
G. Hogan, Professor Emeritus at the University of ^Missouri, 
“for his development of synthetic rations for use in nutri- 
tional studies and for his original investigations in the field 
of biochemistry and nutrition, which have made him one of 
the greatest contributors to the development of our present 
knowledge of animal nutrition.” Doctor Hogan’s achieve- 
ments in nutrition were described by Dr. A. H. Smith. Doctor 
Hogan responded with some recollections of his eaidy ex- 
periences with Dr. Osborne and Dr. Mendel as a graduate 
student. 
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COMMITTEES FOR 1956-57 

The following are the standing committees beginning July 1, 
1956 : 

Committee on Ticgistry of Fathology of XuiriiionaJ Diseases 

Herbert Pollack, Chairman "W. H. Sebrell, Jr. 

O, A. Bessev C. L, Pirani, Secretary 

Consultant, Paul Klemperer 

Jicprcsentaiivcs to the Joint Committee on yomenclature 

C. G. King 
O. L. Kline 

lUprrscntativc to the Divi.'iion of Bioloay and Agricnltitrr^ to the Agricultural 
llesearch Institute and to the Food and Xutrition Board, yational Bcsearch Council 

X. B. Ellis 

Brprrscntatives to the Amencan Association for the Advancement of Science 

Howard A. Schneider, Section C (Chemistry) 

Paul B. Pearson, Section X (Medical Science) 

Jtepresentative to FAO 
Paul E. Howe 

lU presrntativf' on Federation Pablic Information Committee 
Icie Macy Iloobler 

Respectfully submitted, 

R. \V. En’OTL, Secretary 
AmfricaT[ Institute of yviriiion 




OSBOENE AND MENDEL AWAED 


Nominations are invited for the Osborne and ^Mendel Avrard 
of $1000.00 established by the Nutrition Foundation, Inc., for 
the recognition of outstanding accomplishments in the general 
field of exploratory research in the science of nutrition. It 
shall be given to the investigator who, in the opinion of a 
Jury of Award, has made the most significant published con- 
tribution in the year preceding the annual meeting of the 
Institute, or who has published a series of contemporaiy 
papers of outstanding significance. 

The Award will be presented at the annual meeting of the 
American Institute of Nutrition. 

The recipient will be chosen by a Jury of Award of the 
American Institute of Nutrition. As a general policy, the 
Award will be made to one person. If, in the judgment of the 
Jury of Award, an injustice would otherwise be done, it may 
be divided among two or more persons. Normally preference 
will be given to research workers in the United States and 
Canada, but investigators in other countries, especially those 
sojourning in the United States or Canada for a period of 
time, are not excluded from consideration. Membership in 
the Institute of Nutrition is not a requirement for eligibility 
and there is no limitation as to age. 

Nominations may be made by anyone. The following in- 
formation must be submitted : Name of the Award for which 
candidate is proposed and as convincing a statement as pos- 
sible as to the basis of the nomination (this may include a 
pertinent bibliography but reprints are not required). Five 
copies of all documents, including seconding statements, must 
be sent to the Chaii-nian of the Nominating Committee before 
January 1, 1957, to bo considered for the 19,57 Award. 


Chairr:an, Xoninatin^ Conr^ittee; 

K. V. Bocenrr. 

J^:ncuUvrc} cr.d Ch'^nUtrrj 

Prr.wrvar.tfl SirAr VrAvernty 
rrAvrrfiiy 
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dominations are solicited for the 1957 Award and a gold 
medal made available by the Borden Company Foundation, 
Inc. The American Institute of Nutrition will make this award 
in recogjiition of distinctive research by investigators in the 
United States and Canada which has emphasized the nutritive 
significance of the components of milk or of dairy products. 
The awai’d will be made primarily for the publication of 
specific papers during the previous calendar year, but the 
Jury of Award may recommend that it be given for important 
contributions made over a more extended period of time not 
necessarily including the previous calendar year. The award 
is usually given to one person, but if in their judgment cir- 
cumstances and justice so dictate, the Jury of Award may 
recommend that it be divided between two or more collabo- 
rators in a given research. The Jury may also recommend 
that the award be omitted in any given year if in its opinion 
the work submitted does not warrant the award. Membership 
in the American Institute of Nutrition is not a requisite of 
eligibility for the award. Employees of the Borden Company 
are not eligible for this honor. 

Nominations may be made by anyone. The following in- 
formation must be submitted : Name of the Award for which 
candidate is proposed and as convincing a statement as pos- 
sible as to the basis of the nomination (this may include a 
pertinent bibliography but reprints are not required). Five 
copies of all documents, including seconding statements, must 
be sent to the Chairman of the Nominating Committee before 
January 1, 1957, to be considered for the 1957 Award 


Chairman f 17ominating Committee: 

C. G. Mackenzie 
Depart7nc7it of Biocliemisiry 
University of Colorado School of Medicine 
4200 JB, 9th Avenue, Denver 7, Colorado 
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EFFECTS OF DIETARY SUPPLEMEXTS IN 
PRE^CENTING OR AUGilENTIXG THE 
PRODUCTION OF CATARACTS IN 
RATS BY 1,4-DIMETHANE- 
SULFONOXYBUTANE ' 

AMOS K. LIGHT, CA'IUL SOLOMOX AXI) E. J. de EEEII 
If’rJIromr Ut urarch Lnhoralori^^s, Tnchnltor^ aiul Tln^ Frrnclt TIospitalj 
Xcio York, Xrw York 


(Ueceivecl for publication January 3, 1950; 


It has been reported by Solomon, Light and de Beer (’55) 
that busulfan, 1,4-dimethanesnlfonoxybutane,- ndll produce 
cataracts "when fed to grondng rats. As reviewed by Shlaifer 
(’54), it is well known that the lens structure is susceptible 
to nutritional disturbances generated by certain vitamin de- 
ficiencies or high dietary levels of a particular monosac- 
charide, galactose. It was therefore decided to investigate the 
possibilities of altering the course of the 1,4-dimethane- 
sulfonoxybutane cataract by modifying the diet through the 
addition of various substances callable of altering metabolic 
processes. 

Busulfan was synthesized by Timmis (’50) during a search 
for anticarcinogenic chemicals (liaddow and Timmis, ’5.3). It 
was found to inhibit the growth of lYalker rat carcinoma no. 
250 and to depress the number of circulating neutrophils. 
Clinical trials have shown that this comjionnd is useful in the 
treatment of chronic myelocytic leukemia in humans (Gallon, 
”53: Gallon and Till, ’53; AVinlrobe ct ah. ’54; Petrakis ct 

' l*rC‘'rntoJ in part nt t)ic giiiujmI Ar’TKnn of 

Nutrition nt Atlantic City, X. J., Aj»rij, 195G. nf 

of ATijcrican Socirtirs for KxjKriniorital Kiulo^ry, r.o, Part II, p. 195^ 

^ SuppHo'l ri'' “Mylrran’^ r.rarpl H iM.Ifan OA . 

Purroii-Ls \\Vllfon;o Co.. (C.f^.A.), 7, X. V. 
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al., ’51). These and other effects arc similar to those follow- 
ing radiation treatment and 1,1-dimethanesuli‘onoxybutane 
has therefore been classed as a radiomimetic drug (Elson, 
’55; Bei'gel, ’55). However, no cataracts attributable to the 
drug have been discovered in any other species including hu- 
mans up to the present time. 

This report describes the production of cataracts which ap- 
peared in rats during prolonged toxicity tests of busulfan 
using dose levels over 5 times the recommended therapeutic 
amount. The prevention and augmentation of these opacities 
with dietary and other supplements are likewise discussed. 
Since the cause of catai-act formation is still an enigma, any 
pertinent information may pi-ove useful in tlie study of this 
condition. 


KXPBniMENTAL 

a. ToxicUy and caiarocf prodaotioii. Kecently Aveaned 
male albino rats " were fed diets of ground Fox Chow with 
meat meal containing amounts of busulfan ranging fi'oni 
2.5 to 1,000 mg of drug per kilogram of diet. For the lower 
dosage levels a stock diet containing 100 mg ])er kilogram was 
fii-st i^repared. This was then diluted further to obtain the 
desired final concenti’ation of the drug. Ten rats were used on 
each dose level. Hematological studies and autopsies were 
conducted, where possible, at the end of the experimental 
periods of 84 and 182 days. Blood sugar values were deter- 
mined on the rats receiving the dose of 10 mg per kilogram of 
diet. Although an ophthalmoscope was used at first to detect 
opacities it was soon found that the cataracts were readily 
discernible without aid and so wore recorded as they appeared 
grossly. 

b. Non-reversibility of bnsxdfan cataracts. In order to 
determine Avhether or not the cataracts were easily reversible, 
rats receiving doses of 15 and 20 mg of busulfan per kilogram 
of diet were transferred to the drug-free control diet as soon 

^Canvorth Farms. 

* Purina. 
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as lens opacities were obsei’ved. Snrvi\'ing animals were ob- 
served on this drng-free regime for an additional 12 weeks. 

G. Prevention and augmentation- of cataract formation 
with dietary and other biological supplements. Yarions sub- 
stances were tested for their ability to delay death or cataract 
formation due to busulfan at dose levels of 10, 15 and 20 mg 
per kilogram of diet. Five or 10 rats were used in each group 
and the supplements were incorporated in the diet or injected 
as indicated. Likewise different levels of galactose in con- 
junction vdth lower dosages of the drug were tested for abil- 
ities to augment the opacity formation. 

RESULTS 

a. Toxicity and cataract prodtiction. The suiwival time 
of tlie rats depended on the dose level of busulfan (table 1). 
The larger amounts produced death in a relatively short time 
Avhile smaller doses were less lethal or had no effect upon the 
animals. Doses between 31 and 1,000 mg per kilogram of diet 
caused death before catai’act formation. Those between 7.5 
and 20 mg per Idlogram of diet produced catai-acts and growth 
impairment while those of 5 mg and loAver liad no significant 
effects even after 26 weeks on test. 

At the end of 84 days the rats receiving 10 mg of busulfan 
per kilogram of diet were autopsied. In general the animals 
appeared slightly paler in skin color and somewhat smaller 
than their untreated counterparts. lYhen the cataracts wore 
observed under slight magnification (10 X) it was seen tliat 
both the lens and lens epithelium were opaque Avith a diffuse 
milky appearance. There was an increased A'ascularity of the 
iris which became quite apparent in front of this opaque back- 
ground. It was also observed that the femurs Avere more 
brittle than those of the controls and the epiphyses Avere not 
entirely closed or calcified. 

Individual hematological A’aluos including blood sugar de- 
terminations Avere obtained from the animals iv'ceiA’ing the 
dose of 10 mg of the drug per kilogram of diet (table 2). It 
was found that the average blood sugar A-alue for the treated 
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animals ^vas 122,2 mg per 100 ml of blood as compared to that 
of 106.2 mg for the controls. This ^vas a significant difference, 
since the “t” value corresponded to P = 0.05. Hemoglobin, 
red and white cell counts were lower in the test animals but 
cataract formation did not appear to be related directly to 
these lower values. The differential count revealed a lympho- 
cytosis, and bone marrow studies likewise revealed a picture 
of anemia with definite lack of completion of the hemopoietic 

table 2 


Blood studies of rats receiving 10 mg of hnsvlfan, kg dirt for S4 dags 


rixAi, nODV 

BLOOD fitJGAn 

HEJrOGLOBIX EED BLOOD CELLS 

WHITE BLOOD 
CELLS 

cm 

mp/100 ml 

gm/ 100 ml 

S. 10 «/Tnm = 

X 10 2/mm 3 

269' 

135 

9.6 

2.67 

9.S5 

2iG 

120 

11.4 

4.62 

6.90 

239' 

124 

12.9 

5.2S 

7.05 

227 

327 

ll.S 

6.74 

9.S0 

228 

in 

35.1 

6.75 

14.50 

227 

120 

3.5 

1.09 

2.90 

287 

113 

14.0 

6.07 

7.35 

28S 

120 

32.8 

4.S1 

10.00 

250 ' 

203 * 

120 

132 

3.0 

13.S 

6.16 

12.10 

Controls: Average values ^vitIl 
297 (2G2-331) 100 (S3 

ranges for 9 animal^, 
-331') 15.0 (14.4^36.4 > 

7.S6 

15.55 


' Catarncts. 


cycle. The presence of basophils in large numbers in 6 of the 
marrow examinations may be considered a response very sim- 
ilar to that found in x-ray therapy. 

Histological sections of the spleen and lymph nodes showed 
necrosis in focal areas and numerous regions of extramedul- 
lary hematopoiesis. The glomeruli of the kidney appeared 
normal but necrosis was present in tlie epithelium of the prox- 
imal convoluted tubules and in the loops of the tubules. The 
liver was surprisingly normal. 

The eye sections showed the development of cataracts from 
the very first epithelial proliferation in the lens to mature 
opaque types. The earliest pathological changes nj^peared to 
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be an increase in the mitoses of the lens epithelium especially 
at the equatorial portion. Tliis was followed hy vacuolization 
in the subcapsular cortex, anteriorly, and perinuclear vac- 
uolization. Finally, diffuse featheiy opacities were found sub- 
capsularly, antei’ior and posterior, as well as perinuclear. 

b. Non^reversihility of hxistdfan caiaracts. In the two 
groups of rats fed diets containing 15 or 20 mg of busulfan 
per Idlogram of diet the cataracts developed within 8 to 9 

TABLE 3 


of cataracts 


dom: or 
dusulfak 

AV. IKITIAI. 
WT.' 

8 WK 
WT. 

TOTAl. 

8 WK. 

Koon 

INTAKK 

uRva 

IN- 

TAKK = 

AV. 

J'CU- 

VIVAXi 

TIM r 

N'O. OF 
CAT A- CATA- 
RACT KACTS 

FORMA- r.KVKRSED 
TIOK DV CON- 

TROL DIET 

diti 

pm 

pm 

pm f rat 

^p/^p hoAp 
‘ivt/dnv 

doy# 


in 

40.1 

205.5 

712 

0.93 

> 147" 

10 in 







G3 days 0 

20 

39.9 

1G3.7 

503 

1.29 

75 

8 in 







G3 days* 0 

Controls 

48.3 

237.S 

793 

— 

> 147 

none - 


^ Ten rats per group. 

= For a period of 8 weeks. 

^ Two animals died after being placed on the drug free diet following cataract 
formation. Eight were autoi)sicd after 147 days on cxj)orxmeiit. Ko cataract re- 
gression could be seen during the last 84 days on the drug free diet. 

* Two animals died before cataract formation and the rcmaiiung 8 died within 
30 days after being placed on the drug free diet. 


weeks. During the subsequent realimentation period with the 
animals receiving no drug, those on the 20 mg dose all died 
within an additional 4 weeks. Those on the 15 mg level sur- 
vived and resumed a slow growth but no regression was noted 
in the cataracts during the additional 12 weeks on the control 
diet (table 3). 

c. Attempts to prevent cataract formation with dietary 
and other biological supplements. From the results listed in 
table 4 it could not be concluded that any of the supplements 
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tested were active in preventing cataract formation or early 
death when fed at the level of 20 mg per kilogram of diet. Only 
the antibiotic, osytetracycline,-" gave some indication of 
slightly prolonging life and producing better growth. 

With a lower level of busulfan, 10 mg per kilogram of diet, 
it appeared that of the supplements added only cod liver 
oil, a vitamin mixture, thiourea, P pyridylcarbinol tartrate, 
hydrocortisone and a vegetable oil-casein diet prevented cata- 
ract formation. However, deaths occurred in the groups re- 
ceiving the P pyridylcarbinol and hydrocortisone during the 
initial 16-week period (table 5). Wlien the dose was increased 
at that time to 20 mg per kilogram of diet only the two fatty 
type diets continued to afford protection for S additional weeks 
to all of the original animals. Although the fat increased the 
caloric content per unit weight of diet and thereby reduced 
t!ie amount of food eaten the actual drug consumption was 
still within the range that produced cataracts when the fat 
content was only that of the Fox Chow diet. The 30% galac- 
tose supplement displayed its usual cataractogenic activity in 
tills test and the thvroxin at the 100 mg dosasre was especiallv 
lethal. 

The protective action of fat was verified by using an even 
more critical level of busulfan, 15 mg per kilogram of diet, 
from the start of the experiment (fig. 1). Cod liver oil pre- 
vented the appearance of cataracts for 21 weeks e%'en though 
the animals consumed 711 ng of busulfan per kilogram of body 
weight per day. However, two of the 10 animals died before 
the end of the test. One of the rats receiving the corn oil diet 
was antopsied after it appeared to have a slight opacity at the 
end of S weeks on test. The reniainimr 0 e.xliibited no cataract 
formation. The busulfan intake for this group was 651 utr 
per kilogram of body weight jier day. well within the range 
for cataract jiroduction. At the end of the 21-week period 
one ajiimal iu each group had become quite pale indicating 
depressed hematopoietic activity. An eipiivalent amount of 
vitamins .\ and 1) found in the cod liver oil wa« giv<'n as a 

^ ‘ T* rrantvciii • X Co. Tr-r,. Pr^ •.f;!-. r-. V V 



TABLE 4 

ISvpplcmc 7 iis f^ivcii in attempts to prevent cataract formation or death 
(20 mg Busvilf;\n per kg diet, 5 rnts per group) 
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concentrate to another group but no inliibition of cataract 
formation Avas obtained. Only one rat survived for more than 
12 weeks Avithout cataract formation in the group receiving 
drug alone in the Fox ChoAV diet. These observations are sum- 
marized in talile 6. 



Fig. 1 Effect of 10% corn nnd cod liver oil on toxicity nnd cntarnct forma* 
tiou with busvilfan. 


TABLE G 

Prevention of caioracts with fat supplements (15 mg husulfnn per I'p tliet) 


10 rats/group 


SUPPLEMENT 

TIME 

ueaths 

CATAKACTS 

DKUU INTAKE 


days 



fiU/hfj body 
u't./day 

Corn oil, 10% 

U7 

0 

1 

(iol 

Cod liver oil, 10% 

147 

Q 

0 

711 

Vitamin A and D 





concentrate 

84 

0 

10 

921 

Busulfan, 15 mg 

84 

0 

9 

958 

Busulfan, 10 mg 

70 

0 

4 

540 


^Vlien galactose Avas added to the test diet only the 20^ 
level caused cataracts AAdxen the dose of busulfan Avas 5 mg 
per kilogram of diet (fig. 2). At the higher busulfan dose of 
10 rag per kilogram of diet both the 10% and the 20% amounts 
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Fig. 2 Augmentation of cataract production TvitU galactose (5 mg busulfan 
Ag diet). 



Fig, 3 Augmentation of cataract production vritb galactose (10 mg busulfan 
Ag diet). 


TABLE 7 

K frets of of palaciosc and b'iisvJfan (10 rais/croii'p) 
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of galactose augmented cataract formation (fig. 3), the latter 
value greatly reducing the time required for their appearance. 
These results are summarized in table 7. 

DISCUSSION 

From the data presented it may be seen that a now chemical 
tool has been found for use in tlie study of cataract formation. 
Doses of busulfan in amounts many times tlie therapeutic 
levels used for treating chronic myelocytic leukemia in hu- 
mans have produced lens opacities in young and growing 
rats. The actual drug intakes causing cataracts vary between 
350 and 1,600 ng per kilogram of body weight per day as com- 
pai'cd with the maximum recommended human doses of only 
some 60 pg per kilogram. Up to the present time no cataracts 
in humans attributable to the use of this drug have been 
found. In fact there may be species difference (Bettman, ’46; 
Barnes and Denz, ’54) and strain variations (IMitchell et ah, 
’37) with respect to cataract formation. 

Although the blood sugar is slightly elevated in the treated 
animals it does not ajipear to be great enough to be the cause 
of cataract formation according to the critei-ia of Patterson 
(’53). Tliis form of cataract also does not appear to be the 
result of any systemic deficiency of amino acids or jiroteins 
as discussed by Hall et al. ( ’48) and Pike ( ’53 ) or of vitamins, 
especially riboflavin, as reviewed by Day et al. (’38). It would 
seem more logical to class it with substances such as epi- 
nephrine (Suden, ’40), naphthalene (Fitzhugh and Buschke, 
’49) and dinitrophenol (Robbins, ’44; Bettman, ’46) or anoxia 
(Bellows and Nelson, ’44) all of which appear to have a di- 
rect action on lens metabolism. The above deficiencies, of 
course, may also act in this manner by intei’fering with certain 
metabolic systems directly in the lens. These possible actions 
on oxidation processes have been comprehensively discussed 
by Bourne (’37), Buschke (’43) and Shlaifer (’54). It would 
be of interest to evaluate the insulin activity in these drug 
affected animals in order to determine any decrease in the 
amount of the hormone which might lead to cataract forma- 
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tion (Patterson, ’51, ’55a) although the galactose type seems 
to be independent of insulin level (Mitchell et al., ’37). The 
idea of an allergic type of cataract produced by busulfan 
should not be overlooked (Bentolila et ah, ’52). Calcium and 
thyroxin levels could also be profitably studied (Brand, ’50 : 
Giroud and de Rothcliild, ’51). Lens metabolism studies (Har- 
ris et al., ’51 and Christiansen and Leinf elder, ’52) may lilce- 
^vise be useful in examining opacities produced by busulfan. 

The actual cellular development of busulfan cataracts is 
quite comparable to that caused by diabetes (Patterson, ’52), 
galactose and various toxic agents (Bobbins, ’H; Buschke, 
’13) in the peripheral appearance of vacuoles and opacities, 
vhereas the amino acid-deficient types of cataracts usually 
exhibit initial opacities to^vard the center of the lens (Day et 
al., ’38). 

The prevention of cataracts in itself has been a prolific field 
for research. The effect of food and drugs has been discussed 
by Moore (’10). Von Sallmann (’52) has obtained some pro- 
tection from x-ray damage to rabbit lenses by pretreatment 
of the animal with cystine, glutathione or thiourea. However, 
in the present experiment with 1,1-dimethanesulfonoxybutane, 
which has been continuously administered in the diet to the 
animals, these adiuncts as well as many others failed to change 
the course of toxicity or cataract production, even though 
this chemical has been classed as a radiomimetic drug when 
administered in single doses (Bergel, ’55). Fat in the diet 
has been found to alleviate cataracts in rats (Charalampons 
and Hegsted, ’50; Rodriguez and Krehl, ’51; Xieman. ’55) 
and this protection is evident from the above data in busidfan 
treated rats at the critical dosage levels used. The toxicity 
of this drug, thorofore, must affect the animal in a different 
manner than that of sodium fluoride in which case the dietary 
lat actually increases the toxicity (Miller and Phillips, ’55). 

According to Patterson ('55b) galactose accelerates cata- 
ract formation and this action is confirmed in the present 
''Xi)i‘riment. It would likewise bo interesting: to sf-(> if oilier 
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members of the cataractogenic sugar family acted in a similar 
manner Avitli busulfan. 


SUMMAI5Y 

Oral administration of 1,4-dimethanesulfonoxybutane in a 
dose range behveen 350 and 1,600 pg per Idlogram of body 
weight per day to growing male albino rats depressed hema- 
topoeisis with accompanying cataract formations. 

The cataracts were irreversible and resembled those pro- 
duced b}’^ irradiation and certain toxic chemicals such as naph- 
thalene. Although blood sugar levels were slightly elevated it 
could not be concluded that this was the causative factor for 
the cataract production. 

Among the dietary and other biological substances tested 
in rats only the fats delayed toxicity synijitoms and possibly 
prevented the appearance of cataracts at critical intake levels 
of busulfan up to 711 pg per kilogram of body weight per day 
for 21 weeks. Galactose, on the other hand, augmented cata- 
ract production even when the busulfan was given at doses 
as low as 268 pg per kilogram of body weight per day. 
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entirely, on the kinds and amounts of tissues being synthesized 
and maintained at the time. The work of Osborne and 
Mendel (’16, ’19) presents good evidence for the existence 
of a large growth requirement and a slight maintenance 
requirement for lysine. Mitchell (’47) found that diets in 
which lysine-deficient cereal proteins were the nitrogen source 
had higher biological values for the mature rat than for the 
growing rat. Mitchell (’50) showed that beef muscle, casein 
and ijeanut flour (all deficient in methionine-cystine) had 
lower biological values for the mature rat than for the growing 
rat. He explained the difference as due to the sustained 
requirement of the constituents for keratin synthesis (the 
sulfur-containing amino acids, princiiDally cystine) coupled 
with the decreased total amino acid requirements in the mature 
rat as compared to the growing rat. Womack ct al. (’53) 
found that cystine could meet approximately three-fourths of 
the total requirements for the sulfur-containing amino acids 
in the mature rat, whereas in the young rat Womack and 
Rose (’41) reported that only one-sixth of the requirement 
for the sulfur-containing amino acids could be met by cystine. 
This indicates a decreased requirement for methionine as age 
Ijrogresses coupled with an increased requirement for cystine, 
evidenced by the added ability to utilize preformed cystine in 
the diet at the advanced ages. 

In order to establish an amino acid requirement for growth 
of a given species of animal at a given period of its life-span 
it seems advisable to determine simultaneously the minimum 
amount of the amino acid in a diet which carries the minimum 
amount of protein necessary just to promote maximum ni- 
trogen retention (Mitchell, ’43). In the case of the adult 
animal it seems advisable to measure simultaneously tlie 
minimum amount of the amino acid contained in a diet with 
a protein content just necessary to promote nitrogen eqiii- 
librium. 

The investigations to be reported here were initiated to 
develop mathematical means of assessing protein and amino 
acid requirements precisely at different ages in order to 
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determine wiietlier tlie requirements of the sulfur-containing 
amino acids change significantly in relation to the other 
amino acids with changes in the age of the animal. 

GE>'ERAL EXPERIMENTAL PROCEDURES 

Three experiments were conducted. The first was a rat 
growth experiment in which requirements for dietary protein 
and sulfur-containing amino acids were estimated from daily 
rates of carcass deposition of the nutrients of interest and 
estimates of maintenance requirements for animals aged 
from weaning to 102 days. The second (young rats) and 
third (mature rats) experiments employed the nitrogen bal- 
ance technic and provided by statistical means estimates of 
requirements of the nutrients of interest while their dietary 
concentrations were being simultaneously varied. 

All experiments were conducted in an air-conditioned room 
maintained at 78 - 2° F. The animals were housed in in- 
dividual screen bottom cages except when they were under- 
going collection periods, when appropriate metabolism cages 
were used. 

The diets employed were of the semi-synthetic type. The 
])rotcin source was Labco casein. The nitrogen analysis was 
done by the Kjeldahl-lVilfarth-Ginming method (A.O.A.C.. 
’50) ; the ether extract, by a 4S-hour extraction of tbe dry sam- 
ple with petroleum other (.Skollysolv F) in a Soxhlet appara- 
tus; the moisture determination, by beating for 5 hours at 
10.5° C. : the methionine assay, l)y the method of Lyman et al. 
(MG) ; and the cystine determination, by a modification of tbe 
liVinan methionine procedure where 400 mg of DL-methionine 
were substituted for 200 mg of i.-cystijic per liter of double- 
strcjigtli medium. 

K.rprrivinil 1. This experiment was planned to estimate 
body deposition of nitrogen and the sulfur-containing amino 
acids in rats growing normally on an adequate diet. Thirtv 
male weanling albino rats ^vere given the exjierimental diet 
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That the protein requirement for maximum growth de- 
creases with increasing age and body weight has been known 
for some time. Mitchell et al. (’36- ’37) found that in order 
to induce maximum nitrogen retention in 40- to 50-lb. pigs 
confined in metabolism cages more than 26% of dietary protein 
was required ; for 100-lb. pigs, about 22% ; for 150-lb. pigs, 
about 17%; and for 175- to 200-lb. pigs, about 15%. Eeber 
et al. (’53) found that a ration containing 41% casein 
produced maximum weight gains and feed efiiciency for the 
very young pig, but as the pigs approached 8 weeks of age 
20% casein was used as efiiciently as higher levels. Since 
the protein requirement is a summation of amino acid require- 
ments, the latter must also decrease with increasing age. 

It appears highly probable tliat proportions existing among 
amino acids in the protein requirement change as the animal 
roaches mature size, because the requirements for the in- 
dividual amino acids will depend to a large extent, if not 

' TIio datn reported iu tlti*- pnprr are taken from a of the fame tjtio 

prepared nmb’r the j^uidanee nf Dr. H. H. and fubrniltej >,v E. W 

Hartvook in the vtxir of to tlm (irndna!** of the Univer^^tv of 

Illinois in partial fiiirdlinent of the re^pairrm* tits for tlo* d*';:rc^ of Bivfor 
of rhilnvophy in Animal Nutrition, 

’An unnbridj:ed ver.Mon of tlii*- pap'^r rormvf 1 of tie’ riba Ete.ir.d-itlori 
.Nwards for IPel-eo for ri**'’;.rch njt'var.t to the pr<»hhr::« <*f 

* Tre^ont roldre^v: D^partintnl i f Animal Nntrititn. IN nr,*«'.h-nr.In 
Enivt r'ily Dark. rinnoAlvania. 
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ad libitum. Tlic percentage composition of the experimental 
diet was: protein ' 20, corn oil ■' 12, cerelose 40, sucrose 19.9, 
vitamin premix (Hartsook and Johnson, ’5,3) 0.5, mineral 
mix 446 (Spector, ’48) 4, woodflock 2, and choline 25% dry 
mix 1.6. The vitamin premix was used throughout all experi- 
ments and was found to be adequate as judged by the criteria 
of normal growth and the absence of any deficiency symptoms. 

The food consumption was determined weekly, as was the 
body weight. When the mean weight of the group of animals 
had increased from 20 to 25 gm above the mean weight last 
determined, the two rats that were nearest to the mean weight 
of the group were etherized, their gastrointestinal ti'acts 
were completely emptied, and the carcasses were analyzed 
for total nitrogen and for methionine and cystine. The assay 
procedures used resulted in excellent recovery of added 
methionine (96%) and good recovery of added cystine (80%). 

An equation of the type W = a — be"^', where W = mean 
body Aveight, t = age in days, e is the base of natural log- 
arithms, and a, b, and c are constants, was fitted to the 
growth data by the method of least squares. 

The equation follows: 

W == 5.‘?0 — 828c-""’"'. (1) 

The above type of equation is the one used bj’’ Brody ( ’45) 
to describe the self-inhibiting phase of groAvth. Differentiation 
of the fitted equation and evaluation of the resulting differen- 
tial dW/dt at an age of 40 days indicates a daily rate of 
gain of 7.4 gm. 

" Supplied by Labco casein containing 88.40% crude protein (N X 0.25) by 
analysis, supplemented with DL-methioninc of 97.8% purity at the rate of 
3,2% of pure methionine. The nii-methioninc used throughout this work was 
supplied by Merck and Company, Inc., Rahway, New Jersey, through the courtesy 
of Dr. Harold H. Dr.apor. The casein contained 3.2% methionine and 0.25% 
cystine per 16 gm of nitrogen. 

'Vitamin A and D concentrate oil (Distillation Products Industries, Rochester 
New York) and a-tocopheryl acetate were added to the corn oil so that the 
final diet contained 2,000 I.U. of vitamin A, 200 I.TI. of vitamin D, and 10 mg 
of vitamin E per 100 gm. 
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The data for mean daily food consumption at increasing 
body weights is well described by the quadratic equation 

F = 15.5 + 0.120 (W — ISC) —0.000201 (W=— 40,9S") (2) 

in which F is the daily intake of food in grams when the 
rats attained a body weight of W in grams. 

Equations of the type Y (carcass component in mg) = 
a — be"^' (age in days) were fitted by the method of least 
squares to the data for the nitrogen, methionine and cystine 
contents of tlie rats, with the following results: 

Xitrogen, Y = 13023 — 274260 (3) 

Methionine, Y = 1741 — 35S3e (4) 

Cystine, Y = 1535 — 3908o (5 ) 

Figure 1 shows the relationship existing behveen the net 
N requirement and age for the experimental animals. Entirely 
similar graphic representations for net methionine and net 
cystine requirements are omitted for the sake of economy 
of space. The values upon which the lower (solid) curve of 
figure 1 is based were obtained by evaluation of equation (3) 
at values of t within the range covered by this experiment 
and at extrapolated values beyond the range studied. 

The center curve represents the summation of the lower 
curve and estimated values for the maintenance requirement. 
The net maintenance requirements were arrived at as follows : 
The N requirement was calculated from the data of the 
metabolism experiment with mature rats to be described 
below by multiplying the N maintenance requirement of 

1.05 mg F/weight ® ‘Vday found in that experiment by the 
calculated weight of the rats at the various ages. The 
requirements for methionine and cystine were calculated by 
apportioning the maintenance requirement of methionine of 

40.05 mg/weight (kg) /day, found by Xasset and Anderson 
('51), between methionine and cystine in proportion to their 
concentrations in rat muscle tissue on the frc.':h weight basis 
and the weight " at the particular age. The concentrations 
of methionine and cystine of rat muscle tissue used for the 
calculations were 0.475 and O.'2'Jl^^r, respectively, reported bv 
Funn ct n1. ('40) and Lee and Lewis (*.'’41. 
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The upper curve (short dashes) of figure 1 rcpi’esents the 
summation of the center curve and estimated values for X 
lost from the body as shed hair. The amounts of N, methionine, 
and cystine lost from the carcass as shed liair ivere estimated 
bv multiplving the bodv surface area in square centimeters 
of the rats by a factor’ of t qLcompom^a^._ , .,.r loo The 



Fig. 1 Relation of net N requirement to ago in days from birth of rats fed 
an adequate diet ad libitum. 


figures of 70 and 307 represent the average amount of hair 
per day recovered by Mitchell ( ’34) in the feces of rats during 
periods of ad libitum feeding and the mean surface area in 
square centimeters of the rats involved, respectively. The 
figure of 70 mg of hair loss per day, which is the only quan- 
titative figure on hair shedding by rats found in the literature, 
includes only hair contained in the feces; it is probably 
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a minimum value. Butcher ( ’34) found that hair cycles in the 
albino rat occur approximately every 35 days, -vrith the 
resting period and the growing stage each being about 17 days 
in length. According to the data of Smuts et al. (’32) the 
mean weight of the hair coat of rats fed adequate diets 
and having a mean body weight of 143 gm and a mean 
surface area of 246 cm- was 2.451 gm. If it is assiuned that 
the entire hair coat is shed during a hair cycle, then the 
rats of Smuts et al. would have shed - — 70.03 mg 

TABLE 1 


Average daily net requirements of nitrogen, methionine, and 
cystine hy rats at selected ages 


ACE 

IN 

DATS 

AVERA<;e daily net REqrir.EMENTS IN mc/day 

RATIO or 
CYSTINE RE- 
QUIRED TO 
JIETniONlNE 
REQUIRED 

RATIO or 
METHIONINE * 
CY*STINE 
REQUIRED TO 

N REQUIRED 

Nitro- 

cen 

Jlelhio- 

nine 

Cys- 

tine 

Methionine 
* cystine 

30 

3G0 

49 

54 

103 

1.11 

0.2SG 

38.3 ' 

315 

41 

4G 

87 

1.12 

0.276 

no 

2G3 

34 

38 

72 

1.12 

0.274 

75 

195 

25 

29 

54 

I.IG 

0.277 

100 

1G2 

21 

25 

46 

1.19 

0.284 

200 

134 

IS 

24 

42 

1.33 

0.313 

300 

134 

IS 

24 

42 

1.33 

0.313 

342" 

134 

18 

24 

42 

1.33 

0.313 


* Tlicsc animals arc comparable in ape to the animals with values obtained in 
the metabolism studies. 


of hair per day. The rats of Mitchell (’34) Avere larger than 
those of Smuts (mean body weight of 206 gm and mean 
surface area of 307 cm=) and therefore should have shod a 
proportionately greater amount of hair according to the ratio 
existing between the surface areas of the animals concerned. 
These calculations confirm in a striking fashion the value 
used Iiere for the daily loss of hair in the albino rat. 

Average daily net requirements for X, methionine, cystine, 
and mi'lhionine ey.-tine at stdeeled ag(*s. together with the 
ratios of cystine requirement to methionine requirement and 
methionine cystine requirement to X requirement are iriven 
in table 1. Values in this table relating to the growth studv. 
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comparable as to age of animals ■with values obtained in the 
metabolism studies, have been marked Avith an asterisk (*). 

A dietary protein requirement may be computed from the 
net N requirement by multiplying the latter by 6.25 and 
dmding by mean daily food consumption and a biological 
A-alue of 90 ® for casein adequately supplemented with respect 
to methionine. Dietary requirements for the sulfur-containing 
amino acids may be calculated in the same manner from 
net requirements. The selected biological value of 90 Avas 
based on the values of 89, 96, and 83 found by [Mitchell ( ’24) 
and BroAvn (’49) using adult rats and by Kik (’38) using 
young rats, respectively. That biological A'alues applicable to 
proteins of a diet are also applicable to their constituent amino 
acids is subject to some doubt, but since definite information in 
regard to the question is lacking, such calculation Avas made 
and submitted for Avhat it may be Avorth. The resulting dietary 
requirements of protein and of methionine -f cystine appear 
graphically in figure 2, and there the relationships of such 
dietary requirements to age are shoAvn to be exponential in 
character. 

Metabolism experiments. The experimental diets con- 
tained uniformly 5 % lard, 1.5% cod-liver oil, 0.5% AA'heat 
germ oil, 10% sucrose, 39% corn starch, 4% salts no. 446, 
0.5% NaCl, 0.5% A'itamin promix, 1.6% choline 25% dry 
mix, and 2% AAmodflock. The diets AAmre completed by the 
addition of varying amounts of protein, cerelose, and corn 
oil. The protein Avas included in the experimental diets at 
levels varying from 1.6 to 4.5% in the case of the mature 
rats of experiment 3 and at levels varying from 10 to 22% 
in the ease of the young rats of experiment 2. In both 
experiments each dietary level of protein was supplemented 
Avith DL-methionine at the rate of 0, 2, 4, and 6% of the 

®The use o£ the same biological value for casein adequately supplemented 
with methionine for diets through a range of protein levels from 10 to 22% 
may be justified on the assumption that at the higher levels the absorbed 
protein used for maintenance and growth is still utilized to the extent of 
90%. That portion not so utilized will be deaminated and the nitrogen excreted 
in the urine. 
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protein. The additional casein in the higher protein diets 
was always added at the expense of cerelose. Sufficient 
corn oil was added so that the total of corn oil and the ether 
extractives of casein amounted to 5% of the diet, thereby 
maintaining the fat content of the diets at 12%. Standardiza- 
tion diets contained lahoratorj’^-prepared whole egg protein, 
petroleum-ether-oxtracted at low temperature, as the sole 
source of protein. 



rip. 2 31 cl at ini) of tlie dicta 17* protoin and dietary mothioninn cystine requirc- 
monts to npc in days from birth of rats (experiment 1) fed nn adequate diet 
ad libitum. 


Since in those experiments it was necessary that the 
responses of rats of differing body weights he pooled, a 
unit was needed wliich would allow responses of animals 
or groups of auiuinls of varying body weights to be equitably 
oouquu-ed. The unit selected was X balance (ing)/body weight 
(gnu) 7’aisc'd to the O.To power (N bal, 'wt."*-'). 

Mathematical functions best describing the data at hand 
woro nsi'd in interpreting ibo experiiuontal results. Reerres- 
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sion equations, linear, cxiDonential, or quadratic, were fitted by 
the method of least squares, either in the original form or 
after appropriate transformation, using the method of iveiglits 
when necessary. Fitting regression equations by the method 
of weights is a modification of a method given by Goulden 
(’52). The calculation of variances of dependent and in- 
dependent variables followed the procedures of Snedecor 
(’46) or followed dei’ivations given by Hartsook (’54), 

Experiment 2. Estimation of requirements for the youug 
rat. Pour lots of 16 weanling rats each were received at 
weekly intervals. The animals were all 22 days of age on 
the daj^ received and upon receipt were assigned randomly 
to each of 4 treatments and were fed an S% protein (dried 
defatted whole egg) diet for a 7-day period, a 4% egg 
protein diet for a 14-day period, and either diets containing 
10, 14, 18 or 22% casein for a 14-day period. Diets Avithin 
each series contained either 0, 2, 4, or 6% of nn-methi- 
onine supplement, expressed as a iiercentage of the protein. 
During the last 7 days of the experimental periods, excreta 
were collected.'^ During all periods the animals Averc given 
daily Aveighed amounts of diet determined in accordance Avith 
equation (2). 

In the case of the 10% protein diets, tlie moan responses 
to the three highest methionine supplementation leAmls Avere 
shown by an analysis of variance to be significantly greater 
than the mean response to the loAvest IcA^el, but Avere not 
significantly different from one another (see figure 3). Prom 
these findings it Avas concluded that 10% protein diets could 
be improved by 2% methionine supplementation (expressed 
as a percentage of the protein), but not further improved by 
additional increments of methionine. Therefore, a straight 
line Avas fitted by the method of least squares to the first 
tAvo arrays of data and a horizontal line was fitted to the last 
tAvo arrays of data. The equations of both of these lines, as 

^ Plans for collection equipment kindly supplied by Dr. Doris H. ailloway, 
Nutrition Division, Food and Container Institute, Quartcrinaster Corps, Cliicngo, 
Illinois. 
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well as tlie points of data, are presented in figure 3. The 
fit of tlie regi-ession equations to tlieir respective arrays is 
highly significant (P < 0.001). The T and Z values of the 
intercept of the fitted lines are 29.36 rz 0.32 mg and 0.189 
— 0.015%, respectively. 



SUPPLEMENTARY METHIONINE, % OF DIET, 2 

}'ip. n Isolation of X bnl./wt/” to pprcont Fuppleineatnrv uictlnoiuiie at a 
10 Vr U'vd dirtnry {>roti‘in. In fic:urc-< 3, -3. G ar.'l 7 the Fi^rnificnnce of 
tho point (s) on tho curvo(s) iipliratcil by tlio arro’.v(s} ardi its ftli^iri 
coonlinatcs js in th(‘ text. 

In tlie en.ce of tlie 14% protein diet.=. it was foniitl that 
the third array of data was not consistent with the other 
arrays (see fnrnro 4). Moreover, the second and 4tli array.*; 
wc>re found to ht' on the general plateau of X balances fouiul 
for the entire exporinienl : this made it appear hiirlily probable 
that the third array should also be on the idateau. The 
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first array was significantly lower (P < 0.01) than the second, 
while the second array was not significantly lower (0.1 < P 
< 0.2) than llie 4th. An cxxionontial function of the type 
Y = a — be“‘'^ fitted to all 4 arrays of data did not yield 
a satisfactory fit (i.e., the regression did not account for a 
significant portion of the sum of squares of deviations of Y 
from its mean), but a similar function fitted to the first, second, 
and 4th arrays of data did yield a satisfactory fit. The 
third array was, therefore, eliminated from further con- 

taiua; 2 

Maximiun values of X halancc (mg)/\vcighV‘'^ (y)t vnnimuin ii\cthioninc 
suppleincniation (Z) resulting in viaximxan K haUincrsy ahJ gerceni* 
ages of (VxcXarii grotcin (X) found xcith young rots 
fed inethioninC' supple nxenied casein diets 


MI.VIMUM METiriON'IN'K KLTrLEMEXTA- 
X /j.w Asec rias (riKrnrssr.u as a vr.i:CE}iTAor 

Vc ^w:I(.nT'' ^ (vi i)K THE Dirr) nKst’ETiN'O IN' 

VnOTEIK M.XMMUM S BALANCES (t> 

(X) 




\'nrinnfo 

Wt'ight 

Vc Muhio- 
ninr 

V.irinnvo 

Wficrht 

10 

29.30' 

0.10 

9.99 

0.189 * 

0.000229 

4,307.01 

14 

38.74 ' 

0.91 

1.10 

0.4SS " 

O.llG 

S.G4 

18 

39.04 ' 

0.52 

1.94 

0.537 ’ 

0.03G7 

27.23 

‘^2 

38.GS * 

0.38 

2.G5 

0 

- 



= 0 . 001 . 
H\,\ < P < 0.2. 
= P = 0.05. 


sideration, and the latter fitted equation is given in figure 4. 
Brodj’- (’45) considers the practical maximum of such a 
function to he reached at 98% of the value of the asymptote, 
and since at approximately this value of a the value of 
Z loses significance, 98% of the asymptotic value was taken 
to be the maximum N bal./wt.® "^ and the corresponding value 
for supplementary methionine was calculated. These values 
of y and Z with their standard deviations are, respectively, 
38.7 ± 0.97 mg and 0.49 ± 0.34% of the diet. The value of 
Y was highly significant (table 2), but Z was found only to 
border on significance. Since weighted values were to be 
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used in tlie follou-ing steps of the interpretation, the value 
of Z vas accepted as the best one available. 

The method of interpretation of data for the 18% protein 
diets vas entirely similar to that for the 10% x^rotein diets and 
for the sake of brevity is not presented graphically. The 



SUPPLEMENTARY METHIONINE, OF DIET Z. 

Tij:. A Krlutiou of X lo poro< nt ‘'UppViitcntary liirtlnomno nt a 

of «li* t:iry j>rotriri. 

intercein values for Y and Z appear in table 2, where it will 
be noted that the value of Y is significant at the 0.001 level 
and tbe value of Z is significant at tbe 0.05 level. 

The mean responses (X bal./wt.f’*-) for the 22% protein 
diets at the various methionine suiipleinentation levels were 
not significantly difnn-ent from one another, and the sIojk* 
of a line ]iassing through the 4 array* of data was found to be 
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not significantly clilToront from zero (P > 0.8), shoAving that 
mediionine supplementation of a diet containing tins amount 
of protein is Avitliout significant effect on nitrogen balance. 
The equation of the regression line became Y — 38.68. The 
value of Y was highly significant. The responses, Y, for the 
22% protein diets ai'o not .shown graphically. 
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Fig, 5 Relation of maximum N determined at various methionine 

supplementation levels (Y^, Y-, Yj and Y<) to percent of dietary protein. 


From table 2 it can be seen that tlie N bal./wt.®*"^ ■was 
not improved significantly when the dietary level of protein 
was increased above approximately 14%. Short of having 
additional information from many rats, the best approxima- 
tion of the protein requirement is apparently the point of 
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intersection of lines drawn tlirongh tlie first two points and 
the second two points, respectively. The variance of each 
niaximum X bal./wt.*' "'’, Y, for the respective protein levels 
was converted to a weight by taking the reciprocal of the 
variance; these weights were nsed in fitting a regression 
line to the first two points, and in obtaining a mean value 
for the last two points. Plots of these tAvo lines, together 
with the optimum values of Y previously calculated, appear 
in figure 5. The point of intersection has the coordinates: 
Xn (percentage of dietary protein) =14.04 and Yr (X bal./ 
wt." "'' at the value of the protein requirement) =38.83. The 
vai’iance and standard deA'iation of Xr were found to equal 
0.21 and 0.46, respectively. 

In table 2 are also found the variances of the optimum 
levels of methionine supplementation at each dietary protein 
level. These variances were converted to weights in the 
same manner as previously described for protein. An ex- 
ponential function, Z = 0.54 — 52.38e‘^ -''', where Z = percent 
of methionine supplementation expressed as a percentage of 
the diet and X = percent of dietary protein, was fitted to the 
first three points of data by the method of weights (see 
figure 6). The Z values upon which the fitting of the equation 
was done wove the minimum levels determined in the inter- 
pretations of the first three series of expeiumental diets, and 
the X values were the protein percentages of the individual 
scries of diets. The minimum Ica'cI of methionine supple- 
mentation resulting in maximum X balances Avas taken as 
the Z interceiit of the protein requirement Amine. 14.04, and 
is designated Z,;. tlie nsjuirement for suj^plementary methi- 
onine. Z,; Avas found to eipinl 0.49. njid its A'arinnce and 
standard deviation to equal 0.02.3 and 0.1.5. respectiA'ely. 

luxpcrimrni .1. Esiimaiion of rcquironcnts for the wofurc 
rat. Twenty-eight adult male rats. Aveighing from .30S to 
■tOl gm (mean = 301 gm) and approximately 3no days of nire. 
Avere removed from the stock diot, randomly assimied to 4 
un'onps of 7 animals each, idaced on a 16'^r ea-ein tliet 
for a 7-day jieriod. given the experimental diets for a ll-dav 
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period, given a 3.9% protein (dried defatted ■whole egg) 
diet for a 14-day period, and tinally given tire experimental 
diets for an additional 14-day period. The experimental 
diets contained three levels of casein, 0 (lo-w egg-protein diet), 
4.0 to 4.5% and an intermediate level ranging from l.G to 2.0%. 
At eacli protein level, except the 0 level, 0, 2, 4, and G% of vh- 
methionine supplement (expressed as a percentage of the 



Fig. 0 Relation of nunimum methionine supplementation levels (Z„ Z., Zj 
and Z,) to percent of dietary protein. 


casein in the diet) were tested in N balance studies extending 
over 14 days during the last 7 days of which the excreta were 
collected. 

All rats were given 14 gm of diet per day in all periods, 
an amount that maintained body weight almost constant. 
Rats showing symptoms of respiratory disease or refusing 
in excess of 0.6 gm of food per 7 days were not used in the 
interpretation of the results of the experiment. 
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Direct results oljtained just prior to tlie feeding of egg- 
protein diets, and reversals obtained after sucb feeding, 
were analyzed separately. 

In interpreting tliis experiment a modification of a proce- 
dure proposed by Melnick and Cowgill (’37) for evaluating 
the minimum amount of dietary protein necessary for N 
equilibrium in the adult dog receiving an adequate caloric 
intake was used. In the work reported here a minimum 
percentage of dietary protein as well as a minimum amount 
of methionine supplementation necessary for N equilibrium 
was desired; therefore, N bal./wt.”-’^^ was plotted against 
percentage of protein in the diet for each level of methionine 
supplementation for both the direct and reversal periods. 
The regressions were linear and for each set of observations 
it was possible to estimate (1) the level of dietary protein 
necessary for nitrogen equilibrium and (2) the level of 
methionine supplementation, expressed as a percentage of 
the dietary protein, requii'ed in each case to attain N equi- 
lilnlum at the lowest protein intake. Values for protein 
decrease to a minimum and then increase only slightly as 
the level of methionine supplementation increases from 0 to 
Qt^/o of the protein. 

The course of these curves for direct and reversal periods, 
shown in figure 7, is well described by the quadratic equations 
given in the figure. The decrease in X with changes in Z 
from 2 to 4% were highly significant, but the decreases in 
X as Z changed from 0 to 2% were not significant. Hence, 
the first two values of X for Z — 0 and Z = 2 were pooled 
in fitting the quadratic regression linos to the data by the 
metliod of weights. The fitted regression lines are shown in 
figure 7. In order to determine the point at which X reached 
its minimum value for each curve, tlie first derivative (dX dZ) 
of the equation was equated to zero and solved for Z. These 
values of Z wore substituted in the original regression equa- 
tions, and corresponding valnc.s of X wore calculated. The 
coordinates of (he minima are; for the protein requirement. 
X.-,. — o.lS O.IOV of the diet, for the methioniiU' r.-onir.-- 
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METHIONINE SUPPLEMENTATION AS % OF PROTEIN, 


Fig 7 The protein and supplementary metliioninc requirements of the mature 
rat. Itegression of levels of dietary protein necessary for N equilibrium at the 
levels of methionine supplementation used on the percent of methionine for 
mature rats in direct and reversal periods. 

TABLE a 


The estimated dietary victhioninc and dietary methionine -f- cystine requirements 
of non-dcylcted and partiatly niirorirn'depletcd adult rats 


COMPONENT 

NON-DEPnKTEP 

PIRECT PEKIOOS 1 

PARTIALLY DEPLETKP 
UF.VERSAL PERIODS - 

‘Tc- o( 
Protein 

of 

Diet 

*/c of 
Protein 

To o( 
Diet 

Methionine (total) 

7.80 

0.248 

7.80 

mam 

Cystine (from casein and tot.il) 

0.25 

0.008 

0.25 


Methionine 4- cystine (total) 

8.05 

0.25G 

8.05 



‘ Indicated protein requirement = 3.18% 
-Indicated protein requirement = 2.72%. 
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ment, Zn,,„ = 4.S5 d:: 0.52% of the protein in the case of the 
direct periods; and in the case of the reversal periods, for 
the pi’otein requirement, = 2.72 ±: 0.07 % of the diet, for 
the methionine requirement, Z„in = 4.31 d: 0.34% of the pro- 
tein. The values appended to the above estimates are standard 
deviations. 

The estimates of the methionine requirements in the direct 
and reversal periods are indistinguishable statistically, but 
those for the protein requirements are significantly different. 
This considerable difference in the amount of protein required 
to acliieve N balance during the direct and reversal periods is 
in agreement with the work of Allison et al. (’49) and of 
Allison (’51). 

In table 3 the requirements found for the sulfur-containing 
amino acids are expressed both as a pei’centage of the protein 
and of the diet for the direct and reversal periods. Since 
the minimum pei'centages of methionine supplementation 
evaluated in the direct and reversal periods were found not 
to differ significantly, they have been pooled to obtain the 
entries of columns 2 and 4 of the table. 


DISCUSSION 

In table 4 arc assembled data obtained from the metabolism 
experiments. Tests of significance wore run, comparing the 
experimental values obtained. The dijTerence between protein 
requirements found in the two experiments was highly sig- 
nificant (1 = 19.2, P <0.001). The methionine - 7 - cystine re- 
quirement of young rats was found to be significantlv greater 
than that of mature rats when botli requirements wore ex- 
pressed as a percentage of the diet (1 = 4.8, P < 0.001). 
The total methionine -f cystine requirement of mature rats 
was found to average greater than that of young rats when 
botli requirements were expressed ns a percentage of the 
protein, but the difTereuce between averages was not statis- 
tically significant (0,3 < P < 0.4). 
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The dietary protein and methionine cystine requirements 
found in the rat growtli experiment (experiment 1) are 
presented graphically in figure 2. 

The requirements in terms of dietaiy concentrations Avere 
converted to requirements in terms of milligrams per day 
by multiplying the former by the daily food consumption. 
The ratios betAveen methionine + cystine requirement and 
N requirement (both expressed as milligrams required per 
day) for the mature and young rats Avere found to be 0.503 
and 0.437, respectively. The ratio of the A'alue for the greater 
age to the value for the lesser age Avas o‘,m = l.lo. It AAdll 
be recalled that the ratios of net methionine -f cystine re- 


TABLE 4 

Dietary protein and victUionine 4 - cyRtinc requirements determined 
in 7n€ta'bollsm experiments with young and mature rats 


AGE 

or 

RATS 

USED 

EXPER- 

IMEN'T 

XUMTtER 

MEAX 
AGE IX 
DAYS 

MEAX 

BODY 

U'EIGUT 

DAYS 

(CADCUEATED 

FROM 

MEAX DOnV 
WEIGHT) J 

PnOTEIX 
EEQUIEE* 
MEXT (<% 
or THE 

DIET) 

METHIOXIXE 
♦ CY8TIXE 
REQUIKEMEXT 

Yc of Cc of 

protein 

Young 

O 

53 

{ftn 

141 

38 

14.04 

0.98 

7.0 

^Inture 

3 

342 

3G2 

81 

3.1S 

0.26 

8.0 

' Using 

equation 

(1). 







quirement to net N requirement recorded in table 1 for rats 
of the groAvth experiment at ages of 342 and 38.3 days Avei’e 
0.313 and 0.276, respectively. The ratio of the value for the 
greater age to the value for the lesser age Avas 
The fact that the tivo ratios cited stand in excellent agree- 
ment is indicative that keratin synthesis assumes an increas- 
ingly important role in protein biosynthesis as maturity is 
approached and latter attained. 

CONCLUSIONS 

The conclusions based on feeding male albino rats diets 
containing varying levels of casein, 12% fat and 2% bulk, AAdth 
varying supplements of methionine folloAAv : 
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1. The protein requirement (casein pins adequate meth- 
ionine), expressed as a percentage of the diet, decreases in 
an exponential fashion as age increases from about 14% to 
about 3.2%. 

2. The methionine plus cystine requirement, expressed as 
a percentage of the diet, decreases in an exponential fashion 
as age increases from about 0.98 to 0.26%. As a percentage 
of the protein requirement it increases from 7.0 to 8.0%. 

3. Evidence presented (although no individual portion 
reaches statistical significance within itself) is unanimous in 
indicating that keratin sjmthesis assumes an increasingly 
important role in protein biosynthesis as maturity is ap- 
pi’oached and later attained. 
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The likclUiood of death occurring in mice or rats subsequent 
to x-irradiation of the whole body may be appreciably de- 
creased by prior administration of various sulfhydryl com- 
pounds [see Patt ( ’53) for references], in amounts sufiBcient to 
bring about temporary marked increases in tissue sulfhydryl 
concentrations (Cronkite, Chapman and Brecher, ’51). The 
present research was initiated to determine: (a) to what 
extent significant alterations in mouse tissue sulfhydryl could 
be secured by dietary procedures, and (b) whether the 
alterations which were secured would be significantly as- 
sociated with changes in likelihood of death occurring sub- 
sequent to whole body x-irradiation. 

It should bo noted that Smith, Ackermann and Alderman 
(’52) have reported that the susceptibility of rats to lethal 
efYocts of whole body x-irradiation was relatively little af- 
fected by considerable variation in their dietary intake of 
pn.lein (casein) and tlie sulfur amino acids, cystine and 
methionine. On the other band .Tennings ('4.'t) has reported 
tliat rats kept for .about pt weeks on a very low jirotein diet 
were much more snscejttible to lethal effect < of whole bodv 

' iti pr.it bv AKu" AT(r*' r,r 1 

Ml! trt Ai l . 
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X'irradiation than cori'osponcling conti’ol rats. Neither group 
of workers estimated tissue sulfhydryl concentrations of con- 
trol and test animals. 


METHODS 

Chemical 

Eacli tissue sample was frozen on diy ice immediately on 
excision and held wrapped in aluminum foil in a deep freeze 
to time of analysis, not more than 24 hours later. Protein-free 
metaphosphoric acid extracts were secured and analyzed for 
non-protein sulfhydryl (NPSH) by the nitroprussidc method 
of Gnmert and Phillips (’51), standardized against gluta- 
thione. Values obtained are shown in the tables as gluta- 
thione equivalents in milligrams per cent. Each tissue extract 
was prepared using pooled tissues of a particular kind, e.g., 
liver, obtained from all of the mice or the rat weanlings in a 
given control or lest group. 


Diets 

Prior to their experimental use, mice were kept on a diet 
of rat pellets,- protein content not less than 20%, Avhich 
Averc fed ad libitum Avith AAmter. 

Niirogen^coniaining sxihstances and sulfur amino acid of 
diets. The percentages of these substances present in the 
more important synthetic diets employed are indicated in 
table 1. Methionine dorh-ed from protein Avas the l form, 
AA'hereas the free amino acid employed Avas the dl form. 
HoAvover, Wretland and Pose ( ’50) liaAm reported that the a 
ajid L forms of methionine have equiAmlent dietary Amines. 

A protein, deriAmd from soy beans,® constitiAted the chief 
source of nitrogen in diets DAI to DX3 inclusive (table 1). 
This protein is markedly deficient in its content of sulfur 
amino acids; it contains 0.6% of L-cystine and 1.0% of 
L-methionine according to the manufacturer’s analysis. All 

* Hocklniul. 

^ Drackott Assny 0-1 protein, The Drtickctt Company, Cincinnati, Ohio, 
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other essential amino acids except tryptophan are present in 
amounts which the experiments of Eose (’38) indicate are 
satisfactory for the growth of rats. Free i/-cystine and 
DL-methionine were added to diets DAI, DA2 and DA3 in 
amounts judged sufficient to render them adequate in sulfur 


table 1 


yUrorjcn 

siihsianccs in 

certain of 

the diets 



PORTION* or THE DIET ESTIMATED PRESEKT AS: 


niKT ' 

Soybean 


Fre^ amino acids 



protein - 

LrCyytine- 

DD-lIrthionine ^ 

Other 


rc 

Tc 

rc 



Experiments 

icith mice 



DAI 

18.8 

0.2^ 

1.0* 

0.0 

DA 2 

13.8 

0.2 

1.0 

0.0 

DA3 

S.8 

0.2 

1.0 

0.0 

DD2 

13.8 

0.0 

0.0 

1.2* 

DD3 

8.8 

0,0 

0.0 

1.2 

Dn4 

6.3 

0.0 

0.0 

1.2 

DXl 

18.8 

0.2* 

3.0* 

0.0 

DX2 

18.8 

1.2 

1.0 

0.0 

DX3 

18.8 

1.2 

3.0 

0.0 

A A (Control) 

0.0 

0.20 

1.25 

1S.5 

AD (Xo sulfur amino acids) 0.0 

0.00 

0.00 

20.0* 


ExpfTiments 

with rats 



K (Control) 

0.0 

0.0 

1.0 

ns» 

It minus mrtljionint* 

0.0 

0.0 

0.0 

12.0 • 

11 minus vnlinr 

0.0 

0.0 

1.0 

11.7 • 

It minus isolcnrinr 

U.O 

0 0 

1.0 

11.0’ 

U minus threonine 

0.0 

O.o 

1,0 

12.9 ’ 


* For n irtoro of dirts, Mrthods, pp. IPS. 

*I)rnrkrtt C*1 Protrin. The Prnckrtt Prrvincts Compnr.r, Cincinnati, 

Ohio. 

*To ♦'‘timntr fofoi in thr dirt mid liic nmoant rontrihutrsi lir the 
protrin, nhich contain* of Ircystino and l.O^r of L rarthionine. 

*Thi*< mnount nn** ridd*Nl to innVr tiio dirts ndr^^antr jn salfur amino acids, 

* I. rflut.nttiir arid nn* Mii'^-titatisi for frO’’' L-c'<tinr p!'.:« frrr DL-mrlhioninr, to 
MJpply riitrt‘;;rn ripjivolrnt to tlint in t)jr snlfar ardr.o arid^ of thr other 
dirt«>. 

* Addj^l in Mno’itit' tr» rird r t!:r *ulfnr i.n’ir.tt ; rid** i?: i ^rov». nf 

t.t:Tr)tion;tI iPt-ii'-. 

’ An •'tpjr.I oi;;^hl <'f ^vrri-v^ it’.? r^l {<>t I ? ^ f* stt*-! : f.jt tfid.. 
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amino acid content, and to diets DXl, DX2 and DX3 in 
amounts judged to be in excess of nutritional needs. Free 
glutamic acid, 1.2%, was substituted for the sulfur amino 
acids in sulfur amino acid-deficient diets DD2 and DD.3, in 
order to make those diets equivalent in nitrogen content to 
the eorresiDonding sulfur amino acid adequate diets DA2 and 
DAS. 

Pure amino acids constituted the only source of nitrogen in 
diets AA to R-T inclusive (table 1). 

Diets AA and AD, fed to mice, contained: L-arginine, 
0.5% ; glycine, 0.5% ; L-histidine, 1.0% ; nL-isoleucinc, 2.25% ; 
irleucine, 2.0% ; L-lysine, 2.0% ; DL-phenylalanine, 3.0% ; 
threonine, 0.25%; oL-tryptophan, 0.5%; and DL-valine, 2.5%. 
Control diet AA also contained 0.25% L-cystine, 1.25% dl- 
niethionine and 4.0% L-glutaraic acid, whereas sulfur amino 
acid-deficient diet AD contained 5.5% L-glutamic acid, but 
neither cystine nor methionine. 

Diets R to R-T inclusiv'e of table 1 were fed to rat weanlings. 
Control diet R contained: L-arginine, HCl, 0.6% ; M>histidine 
HCl, 1.1.%; DL-isoleucine, 2.0%; DL-leucine, 3.2%; L-lysine 
HCl, 0.85% ; DL-methionine, 1.0% ; DL-phenylalanine, 1.5% ; 
DL-threonine, 1.0% ; DL-tryptophan, 0.45% ; and DL-valine, 
2 . 2 %. 

Sucrose was substituted for DL-methionine in sulfur amino 
acid-deficient diets R-S, for valine in valine-deficient diet 
R-V, for isoleucine in isoleucine-deficient diet R-I, and for 
threonine in threonine-deficient diet R-T. 

Non-nitrogenotis suhstavees in the diets. Diets DAI to 
AD inclusive of table 1, fed to mice, contained; (a) cod liver 
oil, 2%;, as source of vitamins A and D; corn oil, 1%, as 
source of vitamin E, and lard oil, 5% ; (b) pure vitamins, as 
follows: choline, 0.2% ; riboflavin, 0.001% ; thiamine, 0.001% ; 
pyridoxine, 0.001% ; pantothenic acid, 0.004% ; niacin, 0.008% ; 
folic acid, 0.0003% ; biotin,-0.00001% ; and menadione, 0.00002 
% ; (c) the salt mixture of Hubbell, Mendel and Wakeman 
(’37), 4%; and (d) sucrose, in amount sufficient to bring the 
sum total of all dietary constituents to 100%. 
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Diets R to R-T inclusive of table 1, v'bicb vere fed 
to rat -weanlings, contained; (a) corn oil, 5%; (b) 1.05% 
XaHGOs; (c) pure vitamins, as follows: cboline, 0.2%; tbi- 
amine, 0.0005% ; riboflavin, 0.001% ; pyridoxine, 0.0005% ; pan- 
tothenic acid, 0.004% ; and niacin, 0.005% ; (d) USP XI V 
salt mixture, 4.0% ; and (e) sucrose, in amount sufficient to 
bring the sum total of all dietary constituents to 100%. 

Feeding and care of test animals 

!Mice were kept in open-mesh wire cages. The daily food 
consumption by the 4 or 5 mice in each particular cage was 
estimated as follows : 5 gm per mouse of the appropriate 
diet was placed in an opal jar of inside diameter 1.75" and 
height 1.5". This jar was placed inside another opal jar 
of 3.5" inside diameter and 3.75" height. The weight of the 
food left in the two jars was determined 24 hours later. 
The difference in the two weights was used as the measure of 
the day’s food consumption for the mice in that cage. Our 
experience, and that of experimenters in the Mellon Institute 
Toxicology’ Laboratoi-y, Pittsburgh. Pa., has been that mice 
do not remove and scatter appreciable amounts of food from 
this double jar arrangement, even when they are confronted 
with diets which are not palatable. 

The mice used were males, 6 to 10 weeks of age.^ The 
animals used in any one experiment were segregated into 
cage-groups in such a way that all of the different groups had 
practically identical average body weights at the beginning 
of the experiment. These average weights ranged from 19 to 
24 gm. 

The procedures for rat weanlings ' were similar to those 
for mice, excejit that the daily food consumption was not 
estimated. 

‘Onn'orth 
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X-IrracUation of mice 

Prior to x-irradiation, one or two control mice, previously 
kept on a diet judged adequate in sulfur amino acid content, 
and one or two test mice, previously kept on a diet judged 
to be grossly inadequate in sulfur amino acid content, were 
placed in each of 16 plastic cages, each cage being 7" long, 
1" high and 1.5" wide. These cages were piled on top of 
each other in such a way that the center of each cage was, as 
nearly as possible, 36" from the point source of the horizontal 
.x-ray beam generated by a 30° angle tube. The Picker 
x-ray machine employed,® was run at 205 KV, 15 ma, using 
1.0 mm A1 plus 0.25 mm filtration. Victoreen meters in- 
dicated an average x-ray dose of 14 r per minute. The 
estimated whole body x-ray doses estimated as having been 
employed in the different experiments are shown in table 5. 


EXPERIMENTAL 

Sulfur amino acid-deficient diets. The data obtained in 
experiments involving the use of diets deficient in sulfur amino 
acids have been summarized in tables 2 and 3. In those 
experiments in which the soybean protein formed the chief 
source of dietary nitrogen, the lowest of the liver NPSH values 
secured were for mice which had been placed for one day 
only on a diet deficient in sulfur amino acids. The data 
indicate that a metabolic adjustment occurred for mice kept 
on this kind of diet for periods longer than one day. This 
adjustment was of such a nature that the liver NPSH 
gradually returned towai’d normal values, in spite of the 
continuing severe sulfur amino acid deficiency. 

Prom the percent decreases in liver NPSH associated with 
the use of sulfur amino acid-deficient diets (last two columns 
of table 2), it may be concluded that more drastic decreases 
in liver NPSH were induced by placing mice on a pure amino 
acid diet devoid of sulfur amino acids (diet AT) ) than by 
placing them on a soybean protein sulfur amino acid-deficient 

® Courtesy of the Pathologj’ Department, University of Pittsburgh. 
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diet. The rather liigh liver IvPSH value which was obtained 
for mice kept on diet AD for 7 days indicates that even for 
these mice a metabolic adjustment had occurred, leading to 
a partial return of the liver NPSH toward the original level. 

From a comparison of the summarized data (table 3) 
obtained for: (a) mice fed the soybean protein diets, and 
(b) mice fed the pure amino acid diets, it is apparent that 
low liver XPSH values were correlated with the use of 

TABLE 2 

Thr effect of a JiVfarj; (Jrfiricncjf of sulfur amino acids on non-proif^in suJfhpdrifl 
(XPSIJ} of mouse Uvrrj with special reference to 
duration of defcicncu 


I.IVKK .\S M(i '"f c;sit Figi’IVAI.EST ’ nrCKr.A^K IK MVKK 


OAAJ' OV 
l»IKT 
nF.FMnr 

Kirr. 

I'rotrjn 

rxporinipntf' 

Ammo a-id 

pvp'Tini**!!! ' 

M’sn AS-^OCL^TEO WITH 
r.''n '’T OEFICIKXT Oir.T 

Alb n unit* 
(li.t I>A = 
or J>Ai 

Dptifient 
<lipt I>i). 

nr nn 

Afb (juntf 
t A A 

<U<t A O 

Protf'in 

Amino arid 

1 

2r»3 (4 > 

124 (4 1 

2 S3 

140 

.53 

51 

o 

277 (2i 

1S4 (2> 

2G9 (3) 

lU (3* 

34 

5S 

o 

237 (2) 

142 (2) 

277 (4) 

100 (4 > 

40 

02 

4 

270 (2i 

172 (2) 

331 

154 

3S 

53 

t 

207 ( 4 ) 

1S2 (4; 

31 

211 

32 


] \ 

27S (2i 

203 (2i 

3*^‘^ 

05 = 

27 

70 = 

‘Jl 

202 (2 t 

100 f2i 

— 

— 

32 

— 

* Kij:uro in brarkpls after 

livrr NPSII 

value indicates 

number 

of separate 


eon! ribut lilt: Xo value, earli annl}>ltJ bcinp for a Piiifrlc extract prepare*! 
from liviT*' poole*! from all mire ( J or 5) in a t^iven oaf:e-;:ro!jp. 

*Mier v<‘ry apatlo-tic, 1 m (IrnpcbMl aiwl uinlenvei^ht. 


(liots low in sulfur amino acids, rather than with food 
intakes and w<‘i*j:ht ehan^^es (*xhihitt'd hy mice on those j^ar- 
ficular diets. It is also api)arent that tlic deereas(‘s in mouse 
liv(‘r Xrsil o(>neentrali<m indue^Mi 1>y sulfur amino aei<l 
defieioncy wort' far LriM^ator than the <locreasos (if anv) 
indueod liy this dolieii'ney in the otloT ti.<<uo.« studied (kidnev, 
>plei'n and h»‘art). 

/infs tniuMorf/n ru'h hr stilfuv aviiim Data ohtaimMl 

in expm'itmmt'' of thi< type, in wliieh tlie snyh^au protidn 
eon^titut«nl thi- eiiief vnure** of tiiftai'v nitro-^-.-n. ar** -^lunvn 
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Number of comparisoiiH made. 

Probability that difference of means was due to chance. 
Difference not statistically significant (p greater than 0.05). 
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ill table 4. It is apparent from these data that a considerable 
increase in the content of methionine or ir-cystine, or both, 
over the amounts of these sulfur amino acids provided in 
control diet DAI, failed to induce a measurable increase in 
the XPSH concentration of mouse liver, kidney or spleen. 
In fact, appreciably lower liver XPSH values were found for 
mice fed the most highly supplemented diet, DX3, than for 
mice fed the control diet DAI. 

Very similar observations were made in another series 
of experiments lasting one to 4 days, in which tissue XPvSH 
values of mouse liver, kidney, spleen and heart were com- 
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* f'or nicaiiinp of symbol?, sec Methods nnd table 1. 

“ Averapos for proups of mice sacrificed at 1, 3, T and 14 days after b^ginninn 
i>f dietary regime. 

’ Mice appeared incroa'>inply nnViempt and bedraggled as experiment continued. 


jiarcd for (I) mice fed a control diet containing 20^c casein, 
or (II) a test diet containing 20(;’c casein plus: (a) l;c 
iv-cysline, (b) 5% i.rcystine. (c) 1% n-cystine HCl plus 2..5Cc 
Di.-melhionine, or (d) 2(1- i.rOysteine HCl ]ilus 5/o PL-metliio- 
nine. 

Variaiion iu sulfur amino aci'l conirul of diet on profrin 
sulfhvdrul as percent aac of extraciahlc Ui-cr profri];. Pro- 
cedures ejipiloyed in estimating extractable liver protein 
sulfhydryl, as a percentage of the extractable protein, have 
been described elsewhere (Reck. Tdnkenheitnor and Marrac- 
ciui. ‘.M). In the present experiments, jirotein sulfhv 4 lrv] 
was found to constitute about 0.2’^- of the extractable protein. 
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regardless of the previous dietary status of the mice con- 
tributing livers subjected to analysis. It would appear that 
the sulfhydryl content of extractable mouse liver protein is 
not easily altered by dietary procedures. 

Combined effects of (A) dietary deficiency in sulfur ammo 
acids and (B) trauma, on liver NPSTI values. Work in 
this laboratory (Beck and co-workers, ’52, ’54; Linkenheimer, 
’54) has established that within a few hours after induction 
of severe trauma, mice and rats exhibit markedly decreased 
liver NPSH values. The present experiments have afforded 
a very simple dietary procedure for bringing about a similar 
decrease in liver NPSH, without injury. 

In an experiment designed to test for combined effects of : 
(a) sulfur amino acid dietary deficiency, and (b) toiumiquet 
trauma, on mouse liver NPSH, the following average liver 
NPSH values were obtained: (I) 5 controls, 262 mg%; (II) 
4 mice placed on diet AD, devoid of sulfur amino acids, for 
28 hours, 124 mg% ; (III) 5 mice sacrificed one hour after 
removal of hind leg ligatures, and 4 hours after ligatures had 
first been applied, 129 mg% ; and (lY) 5 mice subjected to 
both procedure (II) and procedure (III) above, 142 mg%. 

These data indicate that part of the liver NPSH is much 
more labile than the rest, and that once this labile NPSH has 
disappeared from the liver, as for example by placing mice 
on diet AD for 24 hours, it cannot be made to disappear again, 
as by induction of trauma. 

X-ray experiments. Pertinent data have been summarized 
in table 5. It is apparent that the x-radiation-induced mor- 
tality rate for mice which had been placed on a sulfur amino 
acid-deficient diet for a few days, and which control tests 
indicated had markedly decreased liver NPSH values, was 
not appreciably or significantly different from the mortality 
rate induced in mice which had been maintained throughout 
on diets adequate in their sulfur amino acid content. It 
should be noted that mice kept on diet AD, comiiletely devoid 
of sulfur amino acids, possessed spleens less than half 



DIET ASD MOtrSE TISStTE SmuFEnDETL 


207 


as heavy as those of mice maintained on a diet adequate in 
its sulfur amino acid content. 

Rat weanling experiments. Two experiments were per- 
formed. In the first the special diet period was 14 days. The 
liver NPSH values for weanling rats were as follows : control 
amino acid diet R, 26S mg % ; diet without valine, 283 mg % ; 
diet devoid of isoleucine, 207 mg% ; and for the diet devoid of 
threonine, 310 mg%. The same liver RPSH value of 217 mg^c 
was secured for each of the control groups of experiment 2. 
One control gi'oup was fed diet R for three days, the other 
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for 14 days. The tost group fed diet R-S, devoid of sulfur 
amino acids, for three days gave a liver XPSH value of 
78 mgTf, that fed diet R-S for 14 days a liver XPSH value 
of oOmgf^. Only a sulfur amino acid dietary deficiency 
vfsuUed in marked decrease in liver XPSH. Appreciahlo to 
marked woiirht losses occurred in association with each of 
the specific amino acid deficiencies, whereas weanliinrs fed 
the complete diet, R. showed cood wei«:ht trains ov.-r a 14-d:iv 
test ]>i'riod. 
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DISCUSSION 

Data prosentod in tliis paper indicate that tlie mouse 
possesses intracellular homeostatic mechanisms Avhich are 
remarkably effective in maintaining total concentrations of 
nonprotein sulfhydryl compounds of kidney, spleen and lieart 
within rather narrow limits, chai'acteristic for each tissue, 
in spite of drastic alterations in dietary intake of the sulfur 
amino acids, cystine, cysteine or methionine or both. It 
should be noted that each of these amino acids has been 
demonstrated to be a good source material for incorporation 
into the naturally occurring cysteine-glutathione group of 
non-protein sulfhvdrvl compounds of animal tissues (Uinbrcit, 
’52), 

In relation to dietary elTects on tissue NPSH, liver con- 
stitutes a special case. Leaf and Neuberger (’47) have 
reported that in the rat, dietary supplementation with large 
amounts of sulfur amino acids resulted in an appreciable 
increase in liver glutathione, estimated by both specific and 
non-specific methods, while a dietary deficiency in these amino 
acids resulted in marked decrease in liver glutathione. AVe 
have failed to find an increase in mouse liver XPSH with 
moderate to high sulfur amino acid dietary supplementation. 
Mice placed on very highly supplemented diets actually ex- 
hibited significantly lower NPSH values than did the cor- 
responding controls, and appeared to be unhealthy. This is 
not entirely surprising in view of the finding by Earle and 
A^ictor (’42) that liver hemorrhage and necrosis are induced 
by prolonged excessive dietary intake of n-cystine. 

A marked decrease in mouse liver NPSH did occur in as- 
sociation with sulfur amino acid dietary deficiencj”. However, 
even in relation to mouse liver NPSH, homeostatic mechanisms 
appeared to be operating, since mice subjected to sulfur 
amino acid deprivation over a period of several days actually 
exhibited a considerable return of liver NPSH toward normal 
values. 

It is well established (Patt, ’53) that prior administration 
of large amounts of various sulfhydryl compounds results 
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in a significant decrease in mortality induced in mice and 
other species hy whole body x-irradiation. Organ shielding 
experiments (Jacobson, ’52) indicate that the spleen and 
liver are particularly important in relation to naturally 
existing resistance to lethal effects of whole body x-irradiation. 
Since in tlie present experiments mice fed diets low in sulfur 
amino acids exhibited very low liver non-protein sulfhydryl 
concentrations, and spleens less than half as large as those 
exhibited by control mice, it would not have been a matter 
of surprise if the mice fed the diets low in sulfur amino 
acids had exhibited increased susceptibility to whole body 
x-irradiation. Actually no effect of the sulfur amino acid 
dietary deficiency on susceptibility to whole body x-irradiation 
was found. Since liver xirotein sulfhydryl is appreciably 
greater than liver non-xirotein sulfhydryl (Beck, Linken- 
heimer and Bianconi, ’54), it is possible that the diet-induced 
changes in lotal liver sulfhydryl were unimportant in relation 
to sulfhydryl action against x-ray-induced deaths. It is also 
possible that sulfhydryl protective action is exerted pre- 
dominantly at some site other than the liver or spleen or 
both, or that it is non-specific in nature, and replaced by 
an adjustment of unknown nature, occurring simultaneously 
with a diet-induced marked decrease in concentration of liver 
non-protein sulfhydryl. 


SUMW.VRY 

The only a]i]ircciable change in mouse tissue sulfhvdrvl 
concent rat ion found to occur in association with alteration 
in dietary content of sulfur amino acids was a marked 
decrease in liver non-protein sulfhydryl. occurring in as- 
sociation with use of diets deficient in sulfur amino acids. 

In vat weanlings, a marked decrease in liver non-jirotein 
sulfliydryl occurred in association with a dietary lack of 
sulfur amino acids, but not with a lack of valine, of isolencine. 
or of tlireonine. 

Mice placed on sulfur amino acid-deficient diets which were 
et'fective in markedly decreasing liver non-in-oiein suintydrvl. 
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exhibited susceptibilities to semi-letlial x-irradiation indis- 
tingnishable from those exliibited by mice maintaned on diets 
adequate in sulfur amino acid content. 
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Nnmeroiis investigators have reported changes occurring 
in serum protein levels (Plass and ]Matthen', '26; Robinson 
et ah, '51; Dieckmann, '52; ^lacy and Mack, no date) and in 
nonprotoin nitrogen and urea levels (Plass, '24; Stander, '24; 
JkIcGanitv et ah, '49; Dieckmann, '52; de Alvarez and 
Richards, ’54) in complicated and uncomplicated human preg- 
nancies. However, there have been no reports on the serum 
protein values of pregnant rats and there is a paucity of data 
on serum nonprotein nitrogen values (Parsons, '30). The 
present study was undertaken to investigate protein and non- 
}>rotein mtrogon levels in the serum of the rat during preg- 
nancy. Specifically, we were interested in studying both the 
effects of depleting maternal vitamin Be stores prior to matins 
and the efTccts of a pyridoxinc deficiency during pregnanev 
on the concentration of protein and nonprotoin nitrogen in 
the serum. Data collected on maternal nitrogen retentions, 
liver weight, moisture and nitrogen content, as well as data 
on the offspring of rats subjected to a pyridoxinc deficienev 
during pregiiancy. were reported reccntlv (Ross and Pike 
V»G). 

EXRERIMKNTAI. MKTIinn 

iM-male albino rats of the Sprague-Dawloy strain were inain- 
Jained on laboratory chow" until th(>y attained a weight of 

* O'brpc of Pulbrntion r.o. 

* Prc*^fr.t Sinrtrr.' 

’ I'urit.-.. 
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approximately 200 gm. AVlieii regular eslrous cycles were 
estabUslied the animals were randomly divided into two main 
groups of 50 animals each. The main groups wore randomly 
divided into 5 diet groups containing 10 animals each. Group 
I, referred to hereinafter as the non-dopleted group, was 
maintained on laboratory chow until the day mating was 
confirmed; group II, the depleted group, was subjected to a 
pi'ior depletion period (vitamin Bo-deficient basal ration plus 
0.5 mgfo of desoxypyridoxine) for at least 7 days before 
■mating. The length of the depletion period varied from 7 
to 30 days because of irregularity of estrous cycles in animals 
subjected to vitamin Bo deficiency. A group of animals that 
could not be bred because of cessation of the estrous cycle 
after 8 days on the depletion diet was sacrificed after 32 to 
60 days of depletion and the serum analyzed as it was for 
the pregnant animals. 

On the morning that mating was confirmed by the presence 
of sperm in the vaginal smear the animals were placed in 
individual cages and then received the basal ration to which 
was added one of the 5 supplements shown in table 1. Except 
for the prior depletion period, there was no difference in 
the diets offered the two main groups. 

On the 22nd day of pregnancy the animal was sacrificed, 
the heart exposed and blood taken by heart puncture for im- 
mediate serum analyses. Serum was analyzed for total pro- 
tein by a micro-Kjeldahl method employing direct Nessleriza- 
tion, and for albumin by a method which involved the separa- 
tion of the albumin and globulin fractions by precipitation 
with Na 2 S 04 (Hawk, Oser and Sunmierson, ’47). Globulin 
values were determined by difference. Nonprotein nitrogen 
concentration of the serum Avas determined bj’' the method of 
Folin and Wu (’19). 

The data were analyzed statistically by means of analysis 
of variance. Comparisons were made between the two main 
groups to test for the effects of Autamin Bo depletion prior 
to pregnancy, and Avithin each main group to test for the 
effect of the level of vitamin Bo during pregnancy. There are 



Com])oj»Hon of cx])cri7nni<ol dx^ts 


SEBUM PEOTEIN A^*D ^’PX• I'S PBEGNAXCY 


213 



n.hnlnintnriNj two ilro]>’< jmt rat c\ory thron 



214 


maugaket l. koss akd ruth l. pike 


data for less than 10 animals in some of the diet groups due 
to refusal to mate or pseudo-pregnancies. However, all the 
analyses were corrected for disproportionaliiy among the 
groups. 

RESULTS AXU UISCUSSIOX 

The results of all the serum analyses are shown in table 2. 

The average total protein values per 100 ml of serum 
were lower on all the diets in the depleted than in 
the non-depleted group, but there was little ditferenee 
within the two main groups. Analysis of variance showed 
that only the differences due to depletion were significant 
(P = 0.01). However, the data from the deiffcted animals 
that could not be bred indicate that there are no changes in 
the concentration of total protein of the serum due to vitamin 
Bo deficiency per se, and this confirms the report from Bea- 
ton’s laboratory (’53a). It appears, therefore, that the re- 
duction in the concentration of total protein in the serum ob- 
' served in the depleted pregnant animals is due to the combined 
effects of pregnancy and depletion. 

The average values for albumin per 100 ml of serum varied 
little between the depleted and non-depleted groups. Statis- 
tically the slight differences in serum albumin content were 
not significant. The serum albumin values obsei’ved for all 
of the pregnant animals were lower than those for the depleted 
animals that could not be bred. It appears, therefore, that 
serum albumin is reduced during reproduction in the rat. 
Further, it appears from the data obtained that the mainten- 
ance of albumin levels during pregnancy is not affected by 
the vitamin Bo deficiency imposed under the conditions of 
this study. 

The concentrations of globulin per 100 ml of serum were 
lower for all the animals in the depleted than for those in 
the non-depleted group. The lowest values appeared in the 
depleted animals maintained dui’ing gestation on the desosy- 
pyridoxine-supplemented and pyridoxine-free rations. Analy- 
sis of variance showed that the differences were significant 
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due to the effect of prior depletion (P = 0.01 ) but Avere not 
significant due to diet. The highest concentration of globulin 
per 100 ml of serum was observed in the non-depleted animals 
maintained on the pyridoxine-deficient diets during preg- 
nancy. When the animals were depleted prior to mating, 
thereby producing what would appear to be a more severe 
tissue deprivation of vitamin Be, there were less marked 
elevations of serum globulin. The concentration of globulin 
in the serum of the animals that could not be bred hut were 
subjected to the stress of pyridoxine deficiency was similar 
to that observed for animals receiving vitamin Bo and sub- 
jected to the stress of pregnancy. 

Marked changes in the nonprotein nitrogen in the blood 
usually have been shorni to be due to altered urea levels, since 
urea constitutes the largest fraction of the nonprotein nitro- 
gen constituents. Although only total nonprotein nitrogen was 
determined in this study, for the purposes of this discussion 
it is assmned that any differences in the levels of nonprotein 
nitrogen were due to variations in urea. 

It may be obsei’ved that the average nonprotein nitrogen 
concentrations in the serum of the depleted animals were 
lower than those for the non-depleted group. The sei’a of 
the depleted animals receiving the diet containing desoxy- 
pyridoxine had the lowest average nonprotein nitrogen con- 
tent; as the pyridoxine intake increased, the percentage con- 
centration of nonprolein nitrogen increased. Analysis of 
variance showed that the differences in nonprotein nitrogen 
were significant for the effects of depletion on the response 
to the desoxypyridoxine-suppleinented and pyridoxine-free 
rations (P = 0.01). There was a significant interaction 
(P = 0.05) indicating that the effect of depletion had some 
influence on the response to these diets. The differences ob- 
served between the depleted and non-depleted groups receiving 
pyridoxine were not significant. 

The concentrations of nonprotein nitrogen in the sera in 
both the non-depleted and depleted groups were lower than 
those observed by others in non-pregnant animals (Parsons, 
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’30; Hawldns, ^tlacFarland and McHenry, ’46). Tlie depleted 
animals that could not be bred also bad lower nonprotein ni- 
trogen concentrations than those reported for non-pregnant 
rats, indicating that a vitamin Be deficiency also leads to a 
reduction in nonprotein nitrogen. This is in contrast to re- 
ports that an increase in blood urea occurs as a result of a 
vitamin Be deficiency (Beaton et al., ’53b; Caldwell and Mc- 
Henry, ’53). The reduction in the nonprotein nitrogen con- 
centrations in the sera observed either as a result of the 


vitamin Bo deficiency, or as a result of pregnancy, was in- 
tensified by combining the effects of the deficiency and preg- 
nancy. This compound eft’ect was similar to that previously 
noted for total protein in the serum. 

It is of interest that these data on pregnant rats show a 
trend similar to that reported for humans. The slight de- 
crease in the concentration of total pi'otein which was observed 
for the pregnant animals is similar to the decrease in total 
protein reported for uncomplicated human pregnancy (Plass 
and Matthew, ’26; Kobinson et ah, ’51; Dieckman, ’52: Macy 
and !Maek, no date). The intensification of the reduction in 
the concentration of total protein of the serum observed in 
the depleted animals is similar to what has been reported in 
complicated human pregnancies (Robinson et al., ’51 : Macy 
and Mack, no dale). It appears, also, that serum albumin is 
reduced during pregnancy in tlie rat as it is in the human 
(Dodge and Frost, '3S; Rinehart, '45). Further, the changes 
in serum globulin concentration are similar to those observed 
in human pregnancy; increases in tlie concentration of serum 
globulin in uncomplicated pregnancy with jieak leveLs in mild 
complications (]?obinson et al.. '51 ; Macy and Mack, no date) 
and a tendency to decrease as the severity of the complications 
pro irross ( l)i(‘ck]n;nin. Tin* decronso in tlir* concentra- 

tion of noni>roh‘in nilrotren in tin* ^:eruin of tlio pro^’nant rat? 
is similar to tlie d(H*roas(‘ reportod for prcpiant wonum ( Plass, 


St;nnU*r* *24), TIk* siirnifa'ant decren^r. in nonjirntoin 
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crease in blood urea values reported by some investigators 
for toxemic patients (Plass, ’24; i\rcGanity et al., ’49). 

SUM.MAHV AND CONCDUSIONS 

The effects of depicting maternal vitamin Be stores pxdor 
to mating and of a pyridoxine deficiency during pregnancy 
on the concenti'ations of serum protein and nonprotein nitro- 
gen in the serum of the rat 'were investigated. 

Depletion of maternal vitamin Be stores prior to mating or 
pyridoxine deficiency during pregnancy or botli, lead to 
changes in serum protein and nonprotein nitrogen concentra- 
tions in the rat 'which are similar to tliose reported for the 
toxemias of pregnancy. 
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INFLUENCE OF DIET COMPOSITION ON CALORIC 
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The literature contains few reports on food intake, water 
consumption and organ weights of animals on restricted diets. 
It is well known, of course, that humans on restricted food 
intake develop adaptive mechanisms. When those were first 
o.xamined experimentally about 50 to SO years ago, it was 
found that starvation leads to reduced energy requirements. 
In the rat in particular, this problem was studied more I'e- 
cently by Swift and French (’54) and by Quimby (’48). How- 
ever, interest has centered mainly around questions of energy 
requirements and basal metabolism and surprisingly little 
work has been done aliout other adaptive changes such as 
those in the growth patterns of individual organs, or about 
the influence of the main nutrients on the adaptive mechan- 
isms. 

If feeding can be r<“strict(>d just to tlie jtoint where the 
w(*iglits of the animals are kept constant, there is the ad- 
vantage that some data can be more siiecifically comparetl 
inasmuch as tlnu'e art* no diffei’cnces in growtli rate? or l<odv 
w<‘ights to be enusideretl. 

•Aib'i le C!.-.,.: 'Tor: 1,--.’ rra-r;. h X.- Ycr};. .X. V. 

• (1.. I';,:,,.,.., r.r.’ tl,.' rf Ib-.-rrl. At 

lb-.-,-,*.-, (V!;e' t.,:. Uiiv. .X< « v’< rJ., .V. V. 
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T]ius it seemed to be desirable to study tlie influence of 
diets bigh in protein, fat, or cai’bobydi'atc upon food con- 
sumption, water intake, and organ weiglits in rats wliose 
weights had been kept constant. 


EXPERIMENTATi 

The experiments were carried out on male albino rats de- 
rived from a homogenous colony. Thej’’ were delivered by 
the dealer when they weighed about 50 gm (a little over three 
weeks of age) and were immediately placed on a purified diet 
containing 30% lactalbumin, 10% commercial lard, 54% cere- 
lose, 4% salts (USPII), 2% roughage,® and liberal amounts 
of all known vitamins."* This diet permitted excellent growth. 
Eight days after delivery, the rats were earmarked and 
weighed; 4 days later, they were reweighed, ^tfatching groups 
of 8 rats each were formed whose average weights at 31 days 
and again at 35 days were identical. They were now housed 
in single unit cages with wire bottoms, weighed daily except 
Sunday, and given the appropriate amounts of food to keep 
their weights constant. It was possible to maintain the av- 
erage weight of the rats in each group within 2 gm throughout 
the periods of examinations, which sometimes lasted 4 months. 

Water intake was determined by the difference in weight 
of the full and partially empty bottles, which had been fitted 
"with machine-made stems permitting no di’ipping but free 
drinldng. 

The composition of the three main diets is given in table 1. 
The caloric values of the diets were calculated by assuming 
that carbohydrate and protein yielded 4 and fat, 9.2 Cal. per 
gram. These values seem to be commonly accepted ; but even 
if somewhat different values, such as those found by Thomson 

®Alphacel, powdered and extracted rice bran hull, supplied by Nutritional Bio- 
chemicals Corp.j Cleveland, Ohio. 

* We are indebted to Br. Leo A. Pirk of Hoffmeonn-La Boche, Inc., Nutloy, N. 
J. for most of the synthetic vitamins used in these experiments, Barnett Labora- 
tories, Long Beach, California, kindly supplied us with the crystalline beta-carotenc 
and Br. M, L. Tainter of the Sterling Winthrop Besearch Institute of Bensselaer, 
N. T., gave us the crystalline vitamin Bj. 
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and Munro ( ’55) were preferable, our conclusions would not 
be altered. The cellulose content of the diets has been disre- 
garded in calculating their caloric value because, even in the 
unlikely case that the rats utilized 10% of the cellulose in the 
diet containing 11% of this material, the caloric value of the 
diet would have been increased by less than 1%. 

In comparing the utilization of the various diets, it was 
convenient to calculate the calories needed by the rat for the 
maintenance of 1 gm of body weight during one week. Earlier 
studies had shown that the rat needs 1 gm of a “normal” 
diet over and beyond that required for weight maintenance 
to gain 1 gm of body weight. With this in mind, it was pos- 


TABl.E 1 

Compo.sifion of cfpcrivxcntal 


Dtnr 

c.K?r,rN 

cr.nKW)?i: 


CELLrnOFK 

SALTS 



-To 


Cc 

‘^c 

rc 


fat 

20 

0 


11 

4 

llinl. 

jirotfiii 

70 

0 

to 

O 

6 

4 





Xone 

(2*^ Lino- 



Ilinli 

t-arltolivtlratt' 

15 

75 

Icic ncid) 

4 

4 


‘ Phis all nrce??orv food factor?. 


sihle to correct the weekly food intake for minor changes in 
the body weight. Thus, the total weekly individual food in- 
take was increased or decreased by 1 gm for each gram of 
body weight lost or gained by the rat during the week. This 
gram for gram correction was used only in the case of the 
high-protein and high-carbohydrate diets. For the rats on 
the high-fat diet, the food intake was modified by 0.5 gm for 
each gram of change in body weight. The corrected weeklv 
individual food intakes of each group were averaged, di- 
vided by the .nverago weight of the group, and converted to 
calories. This value of calories jier gram body weight per 
wi-ek was used for comparing the caloric requiremf-nts of the 
various groiqis. Because the requirements for weight main- 
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tenance are sensitive to changes in room temperature, com- 
parisons were made only of groups running simultaneously. 

RESULTS AND DISCUSSION 

Wlien the caloric requirements for weight maintenance 
wei*e studied on rats given a purified diet including 80fo 
casein, 10% lard, and 54% cerelose for a period of 4 monlhs,, 
they were found to decline from 1.9 Cal./gm body wt./week to 
about 1.0 Cal, witliin the first 5 weeks and to remain fairly 
constant thereafter. This was in complete agreement vuth 
Quimby’s findings. 

In figure 1 are shown the average caloric requirements and 
the individual water intakes of groups of rats maintained on 
high-fat, high-carbohydrate, and high-protein diets. The ca- 
loric requirements of the animals on the high-fat and high- 
carbohydrate diets were initially similar; those for the high- 
protein diet were lower. The requirements of all gi'oups 
declined but those for the high-fat diet, more rapidly, so that 
they eventually were equal to the requirements for high pro- 
tein. The eomparitively lower utilization of carbohydrates 
by animals on restricted food intake was also suggested in 
the studies of Rice et al. (’56). 

The outcome was not related to the variations in imotein 
intake because, in absolute amounts, the animals on the high- 
carbohydrate diet consumed only a fraction of that eaten by 
the rats on high-protein but twice as much as that consumed 
by the animals on the high-fat regimen. 

It may be worth while to emphasize that the depression of 
the caloric requirements was given only with the fresh fat. 
We have 23reviously demonstrated that the inclusion of au- 
toxidized fats or their fractions prevents the decline of the 
caloric requirements during a period of restricted food intake 
(Kaunitz et ah, ’56). 

The differences in caloric requirements brought on by high- 
fat, protein, or carbohj’-drate diets went hand in hand with 
characteristic differences in water intake shovm in figure 1. 
The weekly intake in milliliters is i^lotted on a logarithmic 
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scale, which, for the eye, mi n i m izes differences. However, it 
is obvions that there existed marked differences among the 
three groups. The animals on the high-fat diet consumed 
least, on the average, 45 ml weekly in the earlier weeks and 
later only 36 ml. Next are the high-carbohydrate animals 
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with, average intakes of 65 ml throughout the whole period. 
The high-protein group had the highest consumption, about 
105 ml in the earlier and 75 to 85 ml in the later weeks. 

It has been loiown that protein intake is one of the de- 
termining factors for thirst; and, in these experiments, the 
animals on high-fat diets, liaving the lowest protein intake, 
had the lowest water intake and the animals on the high- 
protein diet dranlv most. However, the water intake Avas not 
linearly related to the protein intake. TJie animals on liigh pro- 
tein ate at least 5 times the amount of protein consiuned by 
those on the high-fat diet. Yet the Avater intakes differed by a 
factor of only tAAm and one-half. Furthermore, the substantial 
decrease in protein intake of all groups during the time of 
restricted feeding on accoAint of the decrease in caloric re- 
quirements Avas accompanied by only slight decreases in the 
AAmter intakes of the high-fat and high-protein groups. The 
Avater intake of the high-carbohydrate group remained con- 
stant throughout and Avas only slightly beloAv that of the 
high-protein group although the protein intakes of the two 
groups varied by a factor of 3. 

For this reason, one must assume that the Amriations in 
AA^ater intake are not only caused by the differences in pro- 
tein consumption but are also related to the main constituent 
of the diet. One wonders AAdiether the effect of fat in reducing 
tliirst has clinically found sufficient attention in conditions 
AAdiere a Ioav Avater intake is desirable. 

IVlien the studies of food consumption and water intake 
Avere terminated, the animals Avere immediately sacrificed and 
their organs Aveighed. In table 2 are presented organ AA'eight 
data calculated per 100 gm of body Aveight. Such a calculation 
has some degree of justification in vieAA'^ of the narroAv range of 
the body Aveights. HoAvever, the organ Aveights AA^ere also 
plotted against the body Aveights on a log — log scale and 
the results compared AAdtli data for animals AAffiich had been 
alloAved to eat freely of a purified control diet. Inferences 
AA’-ere drawn only AAdien both methods indicated significant 
differences. 
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Liver -weights of all groups tended to he lo-^' or even sub- 
normal, a consequence of food restriction. As -was to he ex- 
pected, the kidneys of the animals fed the high-protein diet 
■were heaviest and differed significantly from those of the 


TABLE 2 

Orpan trrinUfs, prr Int} pm of ho^.y xccxphi^ of mair rnf.v }:rpt at ron.stanf weiphts 
hy restrictrfj frcdinp of diets hiph in fat, protein or carhohydrole ^ 
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.’uiimals fed the higli'Carlioliydrate diet. Tlio adrenals of the 
animals on the hitrh-fal diet vere signifieantly lioavier tiian 
those of the animals on the liigh-carhohydrate diet. 

The testionlar veiuhts of the hinh-fat anijnals were, in more 
than half the cases, above the upper limit of the Tiormal 
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spread and differed significantly from those of the other two 
groups. Thus, on the high-fat diet, the testes had increased 
in size although the body weight had remained constant. The 
thymus weights of all animals were considerably below nor- 
mal, again an expected consequence of food restriction. 

SUMMARY 

1. The influence of high-fat, high-carbohydrate, and high- 
protein diets on the caloi’ic requirements, u'ater intake, and 
organ weights of rats kept at constant Aveight by restricted 
feeding Avas studied. 

2. The caloric requirements for all diets declined during 
the first 5 AA’eeks and became constant thereafter. On the high- 
protein and high-fat diets, the animals Avere eventually able 
to maintain their Aveight Avith 25% fcAvcr calories than those 
on the high-carbohydrate diet. 

3. The water intake Avas highest on the high-protein and 
loAvest on the high-fat diet. 

4. The adrenal Aveights of the animals on the high-fat diet 
Avere higher, on the average, than those of the animals on the 
high-carbohydrate diet, AAdth those of the high-protein rats 
being in betAveen. The renal Aveiglits Avere highest among the 
high-protein animals. The testicular Aveight of the high-fat 
animals Avas significantly higher than that of the animals on 
the high-carbohydrate diet. 
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The response of blood serum and white cells to changes in 
ascorbic acid intake has been reviewed by Steele et al. (’55) 
and Morse et al. (’56). Steele et al. (’55) found that the as- 
corbic acid content of the white cells and .serum increased 
significantly when 40 mg of ascorbic acid jjer day were given 
for 7 to 11 days, following an intake of 30 mg for 11 to 14 
days. Morse et al. ( ’56) reported that the average M-hite 
coll levels paralleled the rise in serum levels in a group of 
19 women subjects when the intake of ascorbic acid was in- 
creased from 33 mg per day to 58 mg and then to S3 mg per 
day. Correlation between serum and white colls was statis- 
tically significant at these levels of intake. An intake of 133 m" 
jier (lay caused no further increast* in average white celt 
levels, but did produce a significant rise in average serum 
lev(‘ls. 

The ])resent study is concerned with th** relationshij) b»>- 
tween the ascorbic acid level in blood serum and white cells 
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with subjects receiving smaller graded levels of supplementa- 
tion than in the previous study. Two groups of women of dif- 
ferent age levels are compared. 

PKoCEDum-: 

Snbjecis. Two groups of women, patients at a state train- 
ing school and hospital for the handicap 2 Jed,‘'‘ served as sub- 
jects during the winter of 19.54 to '55. Fifteen had an average 
age of 31 years (imnge 28 to 34) and 13 had an average age 
of 64 years (range 56 to 77). All wore in good physical health, 
and were mentally callable of cooperating in the study. The 
subjects were examined at the beginning and end of the study 
for clinical signs of vitamin C deficiency. 

Dietary ascorbic acid. Throughout the 4 months of the 
study, the subjects were on the regular institution diet except 
that all foods high in ascorbic acid, such ns citrus fruits, to- 
matoes, pineaiiple, and raw cabbage were omitted. This pro- 
vided a somewhat restricted and relatively constant level of 
dietary ascorbic acid. Other fruits and vegetables were al- 
ways served to the subjects in place of those omitted. 

The food intake of each subject was recorded on 16 scat- 
tered days near the beginning of the study. Food consump- 
tion was recorded in terms of the number of servings, or 
fraction of serving, of each food. Servings were weighed at 
intervals to determine size of portions. On 44 days, scattered 
throughout the period, samples of food were collected in the 
dining hall for analysis for total ascorbic acid by an adapta- 

* Mansfield State Training School and Hospital^ Mansfield I^epofc, Connecticut. 
Thanks are extended to the medical and dietary staffs of the school as follows: 
To Dr. Gail F. iMoxon, M.D., and Dr, Harriet Bixby, resident doctors, for 

the physical examinations; to Dr. Joseph E. Xowrey, resident doctor, and 

his assistants for taking the venous blood samples ; to Dr. Luke Grotano, D.D.S., 
resident dentist, for the dentnl examinations; to Mrs. Pauline Duckett, chief 
dietitian, and to the dietary staff of the women dining room, for cooperation 
in the collection of dietary data and of food samples; to the 2S mentally retarded 
women who served so cheerfully and cooperatively ns subjects ; and to Dr. Keil A. 
Dayton, M.D., Superintendent of the Training School, for making the institution 
available for the study and for his continued interest and encouragement jn 
research work. 
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tion of the 2,4r-cliiiitrophenylhydrazme method of Eoe and 
Kncthcr (’43). The collection days Y.’ere determined by the 
nature of the institution menu. Dietary ascorbic acid intake 
of each subject was calculated using the food values obtained 
by analysis. Calories, protein, fat, carbohydrate, minerals 
and other vitamins were calculated using the U.S.D.A. Agri- 
culture Handbook no. 8 (Watt and ]\Ierrill, ’50). The average 
intakes of these nutrients met the recommendations of the 
National Research Council by 100% with the exception of iron 
Avhich was 96% of the recommended allowance. 

Ascorbic acid supplement af ion. After 7 weeks on the diet 
restricted in ascorbic acid, the subjects were given daily as- 
corbic acid supplements, beginning with 15 mg and increasing 
every 14 days to 25, 40, 50 and 75 mg, respectively. 

Serum and white cell determinations. Serum and white 
cell ascorbic acid detex'raiuations were made on venous blood 
samples at the end of the 7-week adjustment period without 
vitamin C supplementation, and at the end of each two-week 
tost period on the 5 levels of supplementation. The blood 
samples were always taken at 10:00.\.m., three to 4 hours 
after an ascorbic acid-free breakfast. Preparation and analy- 
sis of tlie scrum samples were carried out accoi-ding to 
llie procedure outlined in the Xortheast Regional Publication 
on Techniques (’51). The blood samples for white coll de- 
terminations were prepared in quadruplicate and the deter- 
minations made by the method of Bessey (Gyorg\-. ’50). 

i!HSl !.TS 

^•tseorbic acid inia!:c. The average daily ascorbic acid in- 
take from food was 32 mg for all the wotnen. based on the 
1(1 days on which food intake was recorded. This average 
daily dietary intake, jdns the vitamin sni>plementation at the 
5 levels, brought (he averagt* total daily ascorbic acid intakes 
for the .■> snj'pleniental jauioils to 47. 57. 72. 82 and 107 mg 
respectively. Thi'- increased intake iwmlnced no nfdice.abh- 
changes in the mild symptoms, e.vhibited hy a subject.*; 
which might have been interpreted to vitmnin f’ de- 

lu'icncy. 
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Ascorbic acid levels in senm and white cells. The young 
women had an average serum ascorbic acid level of 0.33 ± 
0.04 mg per 100 ml of serum at the end of the unsupplemented 
period of 7 Aveeks. The older women had a slighty loAver level 
of 0.24 rt 0.03 mg at the end of the unsupplemented period. 

The young Avomen had an average Avhite cell ascorbic acid 
level of 25.6 ±: 1.16 mg per 100 gm of AA'liite cells after the 
period on the Ioav Autamin C intake, AA'hile the older group had 
an average Avhite cell level of 22.2 ± 2.31 mg at the same time. 

The results of supplementing the dietary intake for 5 tAvo- 
Aveek periods are given in table 1 and presented grapliically 
in figure 1. 

T.VBLE 1 


Average a^icotyic acid intakes^ scrum IcvcISt and tohite ccU levels* 


Total intake 

•serum levels 

WHITE CELL LEVELS 

Young’ women 

Older women 

Young women 

Older women 

mgJAay 

mg/lOO ml 

mg/100 ml 

mg/100 gm 

mg/ 100 gm 

32 

0.33 ± 0.04 * 

0.24 ± 0.03 

25.0 It 1.10 

22.2 t: 2.31 

47 

0.57 Az 0,04 

0.45 ± 0.04 

24.4 ti 1.21 

23.2 ± 1.38 

57 

O.GO ± 0.04 

0.54 dt 0.05 

35.2 ± 1.80 

29.5 ± 1.70 

72 

0.89 ± 0.07 

0.84 ± 0.07 

35.3 ± 1.40 

34.9 ± 2.80 

82 

1.54 ± O.OS 

1.10 ± 0.09 

33,3 ± 1.33 

34.G ± 2.01 

107 

1.7G 0.07 

1.42 rh 0.10 

32.8 ± 0.80 

34.7 ± 2.14 


' Mean rt standard error. 


DISCUSSION 

The average rise in serum ascorbic acid for the group of 
young Avomen Avas steady and Avas significant AAuth every in- 
creasing level of intake except on the second level, namely, 
the 57-mg intake (see fig. 1). At this level of intake the AAdiite 
cell ascorbic acid rose significantly to its peak for the entire 
period, namely, about 35 mg per 100 gm of Avhite cells. 

Individual responses to increasing leA'^els of intake Avere re- 
flected in the serum of all of the young Avonien on the first 
level of intake of 47 mg folloAving a 15-mg supplementation. 
With the increase of an additional 10 mg, maldng a total of 
57 mg, the Avhite cell levels of all but one of the young Avomen 
rose, AA’’hile only 9 showed a rise of serum levels. The Avhite 
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cell level of one woman had already reached its peak of 34 mg 
on the 47 -mg intake. On the next three levels of supplementa- 
tion all hut one or two subjects showed a rise in serum level 
at each change in intake. 

The average rise in serum ascorbic acid in the older women 
was steadj’ and significant in each supplemental period. The 
average white cell ascorbic acid paralleled the serum ascorbic 



VjK. 1 Avcrnpc value? for ascorbic acid \r\ blood stTuia and in vrbito blood 
cclh for IT) women near 31 viar? of aj:o and 13 vromrir near 04 roar? of atjo, on 
a diftary intabe of 33 in;:, with daily pupidemrnjt of IfJ, 35, ^0, 50, and 75 ir.;:, 
encli for a t\vo-we<d: period. 


acid more closely than in the young group. ]1 reached its 
peak of about Srnug for the group on the 72-mg inlako, as 
coiniiarcd with the 3.1 uig on the .IT-mg intake for the vouug 
woiuou. 

In the older groujt, individual responses were similar to 
those in the young group for serum ascorbic acid. All showed 
a rise on the iT-mir intake and on ihf' 72-m" intake: all but 
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two I'ose on the othei’ levels. Increase in while cell ascorbic 
acid was found in all but one subject on the iiT-mg intake, 
and in all but tliree on the 72-mg intake when the average high 
point was reached. 

Tlie above discussion indicates that, at low levels of intake, 
small increases, such as 10 or 15 mg, resulted in a rise in 
serum ascorbic acid in the majority of instances. In this 
study, it seemed to be necessary to go above the level of 
47 mg to get a significant average rise in white cell ascorbic 
acid. In the study by Steele et al. (’55) a significant rise in 
white cell ascorbic acid was found on increasing the intake 
from 30 to 40 mg. Their subjects bad been maintained at a 
much loAver level of intake previous to supplementation and 
for a longer period of time than the subjects in this investiga- 
tion. The smaller increases in levels of intake of ascorbic acid 
in the present study showed that saturation of white cells 
may take place on a lower intake level than was exhibited in 
the earlier study, in which the peak was reached after an in- 
take of 83 mg per day (Morse et ah, ’56). 

Since the avei-age white cell level of the young group reached 
its peak (35.2 mg) on the 57-mg intake, two weeks earlier 
than the older group, this might indicate that age had some 
influence on the rate of uptake of ascorbic acid by white cells. 
However, no significant ditference due to age was noted when 
a t test was applied to the following data : 


average daiey 

ASCORDIO ACID 

INTAKE 

A 

Younff fjroup 

VERAOE WHITE 

CEI.T, LEVELS * 

Older frroup 


57 mg 

34.8 

29.0 


72 mg 

35.3 

33.C 



B; = 0.518 

B, = 4.G2S 



The question is whether Di is really greater than Ho. It is 
not significantly so since 0.05 < P < 0.10, or P lies between 
0.05 and 0.10. 


* These averages differ slightly from the average values given in table 1 because 
of using only complete pairs in calculating B. 
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In contrast to the earlier study of seruni and white cell 
ascorbic acid levels which showed significant correlation at 
the 33, 58, and 83-mg levels of intake in the group of 19 
women (Morse et. ah, ’56), there was significant correlation 
in only two instances in the present study. The group of 15 
young women showed correlation significant at the 5% level 
botwocn serum and while cell ascorbic acid on the intake of 
32 mg (r — O.GO) and also on the intake of 47 mg (r==0.60). 
Tlie smaller increases in level of supplementation used in this 
study and the smaller number of subjects may account for the 
lack of correlation in the other instances. 

For the young group, the regression of ivliite cell level, Y, 
on serum level, X, for the SG pairs of determinations is: 

V --- 4 - 4.sn 

For the older group, the regression of white cell level, Y, on 
serum. X, for the 75 jjairs of detei’ininations is: 

V - -f lO.Cfi ,\' 

I’lie above equations for the separate gi'oups of women show 
that the older group experienced a more pronounced rise in 
white cell ascorbic acid with respect to serum level than the 
young group, i.e., for every milligram rise in serum the white 
colls rose 10.2G mg. The regression for the two groups com- 
bined as one group is: 

y - r- I'd X 

A test for ])ossible difference in regression between the two 
groujis was made by the method of residual squares. This 
showed that age ditTereiiee was not siguiGeant since the F 
value lit's between 0.05 and 0.10. 

srM.MAi;V 

I'ollowing 7 weeks on .a .32-ing ijil.-da- of ascorluc acid, the 
•.wevage serum asenvbir acid levt-l of 15 yountr women was 
0.33 nnr j'er 100 ml. It ro--e to 1.70 mtr during a pi'riod of 10 
w-eeks in wliieli llie ;i^o(*i-bic acid intake was increased grad- 
n:dly t<> 107 juv per day. Tie- avenige v.liite cell ascorbic acid 
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I’ose from 25.6 mg per 100 gm of Avliite cells to 35.2 mg during 
the first 4 ^veeks ■when the intake had reached 57 mg per day, 
and thereafter remained stationary. 

The average serum ascorbic acid level for 13 older women, 
on the same levels of intake, rose from 0.24 to 1.42 mg dur- 
ing the 10-week period. Their average white cell ascorbic 
acid rose from 22.2 to 34.9 mg during the first 6 weeks when 
the intake had reached 72 mg per day, and thereafter re- 
mained stationary. 

Correlation between serum and white cell ascorbic acid 
levels was significant only in the young group on intakes of 
32 mg and 47 mg of ascorbic acid per day. There was no 
significant difCerence in uptake of ascorbic acid by the white 
cells in the young group as compared with that of the older 
group. Difference in regression of white cell level on seriun 
level between the two groups was not significant. 
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In previous nutritional work on autoxidized fats, special 
attention was paid either to the polymer fi-action left as a 
residue after molecular distillation (Kaunitz et al., ’55) or to 
the whole a\\toxidized fat. It was found that the effects of the 
polymer fraction or of the whole autoxidized fat could be 
counteracted by the addition of fresh fat to the diet (Kaunitz 
ct ah, ’55) and that the caloric requirement of the rat for 
weight maintenance was increased when such fats were con- 
sumed. 

The distillate fraction of autoxidized fats, obtained by mole- 
cular distillation, had previously been studied only briefly 
and had not seemed to be particularly remarkable. The fur- 
ther studies to bo reported below, however, show that this 
fraction is also of interest nutritionally. 

EX PERI M ENT AI. 

The studies were carried out on albino rats of a homogen- 
eous colony. Y'eanling males, when they weighed 40 to .50 trm. 

* by n jrrr^r.t fro»n Scbrnlrv Lr.bcrr.torb -f, rrl by r. fflbirr^b-p f rt 

.nr.i! (VMpnrty. 

* I'rovt tl.r I T I tJr h r.Tr!. Af.i'':"! 

VMVry'tty, Nt . N. V. 

*A I'vb. rxtory <-f \\ r Kr*-'' pc. 
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were placed on ca purified diet containing 30% of laclnlbuinin 
and 10% of fresh lard. At the ago of 5 weeks, they were dis- 
ti'ibuted into matching groups using procedures reported be- 
fore (Kaunilz et ah, ’of). 

Commercial lard and refined cottonseed oil were aerated 
at 95°C. for 200 to 300 hours and then distilled, using alembic 
distillation for the removal of volatile products, followed by 
molecular distillation. For the latter, temperatures up to 
280° C. were employed. In one instance, a hydrogenated cotton- 
sood oil which had been used for deep fat frying for 80 hours 
at 190°C. was distilled. 

Unless otherwise stated, the experimental diets contained 
30% alcohol-extracted casern, 10% fat, of% dextrose, 4% 
salts (U.S.P. no. 2), and 2% cellulose, as well as liberal 
amounts of all knoAvn accessory food factors in amounts de- 
scribed before (Kaunitz et ah, ’.o4). 

HfiSUI.TS AXD DIserSSTOX 

In figure 1 are given the average growth curves of groups 
of 8 male rats which had been maintained on diets containing 
various fats. The logarithm of the weight in grams is plotted 
against the reciprocal value of the age ; the advantages of this 
method have been pointed out by Zuckev and Zucker (’42). 

The animals receiving autoxidized cottonseed oil lost weight 
rapidly and died after two to 4 weeks. "Wlien 10% of fresh 
fat was added to the diet containing 10% of the oxidized oil, 
none of the animals died during the ijoi'iod of observation; 
they Avere even able to groAV. This has preAuously been de- 
scribed as the protective effect of fresh fat. One group of 
animals recewed 10% of the distillate from the molecular 
distillation of the sample of hydrogenated cottonseed oil A\"hich 
had been used for deep fat fi-ying. These animals groAV es- 
sentially as Avell as did those on fresh cottonseed oil. Hoaa'- 

* Doctor Leo A. Pirk of HofTmann-La Roche, Inc,, Nutlc}', Jersey, very 
kindly supplied us witli most of the sjmthetic vitamins used* Vitamin Dj tvas sup- 
plied by the Sterling- Winthrop Research Institute, Rensselaer, N. Y., and the 
crystalline beta-carotene, by tlie Barnett Laboratories, Long Beach, California. 



JIOIiECTJLAP. DISTILiiATE OF OXIDIZED FAT 


239 


ever, wlien tlie distillate ivas combined vritli oxidized cotton- 
seed oil, growth was significantly below that of the animals 
receiving both fresh and oxidized cottonseed oils. Also, in 
contrast to the latter group, some of the animals died toward 



Vilt, 1 InHurnco of tho from tV.o mol^>cr.lor of a hr^Iro- 

Roantotl vojjriaMo oil after it? for <!oc p for 50 hour?. Knch curve is 

on the nvi^rn^e of S wclhinntrhM mate rat«. Af{»’r the thiril wc<\: of the 
e^poritnrnt, the jlifferenre in ^vripht of the proup'< fe.l oxi-Viiert plus fre^b fat nii-J 
oxiitirM pill*; i*? ri^r.ifennt. 

tlu' end of the period of observation. Therefore, tbe distillate, 
wliile permitting nearly normal growth when included in the 
tlie* a.s the only fat, had lo.st a hicrli decree of j!,: iirotoctive 
effect. 

Six Very similar experiments wrre carried out v.-it}i the 
inohvular distillation fractioiw of iii-TuIy autoxidi;'"d cotton. 
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seed oil or liigWy autoxidized lard. These distillates usually 
permitted good, although not quite optimum, growth when 
used as the sole fat source. Significantly, all of the distillates 
had lost their protective effect against highly autoxidized 
cottonseed oil to a degree very similar to that shorni in 
figure 1. 

This loss of protective effect could not have been caused 
by the molecular distillation process. The undistilled au- 
toxidized cottonseed oil containing 40% poljTneric “residue” 
and 60% “distillate” fraction led to rapid deterioration of 
the animals, whereas a mixture of 40% polj’raeric residue 
and 60% fresh oil permitted acceptable growth. Thus, the 
lack of protective action of the distillate was discernible before 
the oil had undergone the heating necessary for molecular 
distillation. 

"ViTien I’ats, by daily weighing and restricted feeding, are 
maintained at a weight constant within 3 gm, it has been ob- 
served that the caloric requirements for such weight main- 
tenance decline rapidly within the first few weeks if “good” 
diets are used (Quimby, ’48). It has been shown (Kaunitz 
et al., ’56) that the caloric requirements for weight mainten- 
ance do not decrease when the residue fraction of a molecularly 
distilled autoxidized fat is included in the diet. In figure 2 
is shoATO a similar experiment Avith fresh fat and the molecular 
distillate of the hydrogenated A^egetable oil AAdiich had been 
used for deep frying. The requirements are expressed as 
AA^eekly calories per gram of body Aveight and are the average 
values for each gi’oup of 8 animals. For the calculation of the 
caloric values of the diets, it AA^as assumed that a factor of 
9,2 Cal. per gram could be used for both fats. It seemed 
reasonable to assume that the caloric value of the distillate 
did not ditfer greatly from that of normal fat because, AA'lien 
the distillate Avas included in a diet as the only fat source 
and the animals aa'ci’c permitted to eat freely, (1) the result- 
ing groAvth Avas only slightly beloAv that of animals fed fresh 
fat and (2) the food intakes Avere similar. HoAA'eAmr, even if 
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the caloric value of the distillate is slightly helovr that of the 
fresh lard, this would not lead to different conclusions. 

As can he seen from figure 2, the caloric requirements of 
both groups declined steeply during the first 4 weeks of ob- 
servation. The net energy value of the diet containing distil- 
late was lower than that of the diet containing fresh fat, al- 
though the difference was not as pronounced as that between 
the groups fed polymeric residue and fresh fat. However, it 

yc. 

ui 

UJ 

3t 



Fij:. 2 Influence of iTcA\ lard and tlio distillnto from tlio molfculnr di.stilLntion 
of a )jydro;:oiiato<l oil prcriouFly for doep frrinp for PO Iionrs 

upon tho caloric To<^uircmcnts of mntcliinp tnalo rats maintained nt con‘ 5 tnnt 
weipht. Knell curve is on Iho nvcrnpc of S animals. 


inny bo of somo interest that, with a choinically altered but 
essentially atoxic fat. the aniinars c.aloric requirement for 
weiglit maint(‘nnnco is increased. 

IVbeu the animals maintained at constant weiirlit were sac- 
rifieed at the end of the experiment, their kidneys, livers. 

and adrenals were weiirhed. Figure .'t shows Imr lo^r ]tlot'^ 

of organ weight-^ avainst body wei-hts. I'he parallel lin,.,.; 
uive the limits of tlie spread in orcan wei-jlit of male rat- fed 
a e..mp1ete. nnrestri<'ied die;. 'I'h.. weiirhts of {h.e Hverv- ond 
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kidnej’^s of the .animals on the distillate were within normal 
limits, although someAvhat above those of the animals fed 
fresh fat. The adrenals of the two groups scarcely differed 
from one another. In contrast, the livers, kidneys, and adren- 
als of the animals given the residue fi-action substantially 
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Fig, 3 Influence of fresh ]ard and distillate from the molecular distillation 
of a hydrogenated vegetable oil previously used for deep frying for 80 hours 
upon the organ weighLbody weight relationships of male rats kept at constant 
weight by restricted feeding for 5 weeks. On the log — log plot, the parallel 
lines indicate the upper and lower liinits of the spread in organ weight of rats 
with unrestricted intakes of a control diet containing fresh lard. 



exceeded tlie upper limit of the normal (Kaunitz et ah, ’5G). 
These results also show that the distillate itself is hardly 
toxic. 

This low toxicitjr again became evident in studies with Ioav- 
protein diets. In earlier Avoi’k (Kaunitz, ’53), it aa’us pointed 
out that AA'eanling rats placed on diets containing only 5% of 
casein and fresh fat maintained their AA'eight for several AA'eeks 
and greAv sloAAdy thereaftei’. Ten per cent of a sample of oxi- 
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dizcd lard wliicli Avas atoxic to rats when included in a diet 
containing SOfo of casein led to rapid weight loss and death 
when fed in a diet containing only 5% of casein. "When 10% 
of the distillate was included in a diet Avith 5% of casein, 
growth of the rats was similar to that of the controls receiving 
fresh fat. 

The chemical changes in the fats responsible for the de- 
scribed effects are not as yet understood. This problem is 
being actively im'ostigated. 

SU.MMARY 

1. Lard and refined cottonseed oil Avhich had been aerated 
at 9.1° C. for 200 to 300 houi-s and a sample of hydrogenated 
vegetable oil which had been used commercially for deep fat 
frying for 80 hours at 190°C. were molecularly distilled at 
2S0°C. The distillates were used in nutritional experiments. 

2. W'ben the distillates were included in purified diets 
containing either .1 or .30% casein, the resulting growth of 
most of the weanling male rats fed these diets was only slightly 
below that of matching rats receiving fresh lard. 

3. In contrast, distillate added to the nonvolatile poly- 
meric residue from the molecular distillation of autoxidized 
fats had a protective effect markedly below that of fresh fats. 

4. 'file net energ>* value of the diet containing distillate was 
lower than tliat of the diet containing fresh fat. 

.*>. Liver, kidney and adrenal weights of rats fed distillate 
were within the normal spread for these' organs and were 
only slightly higher than those of the controls, thereby supplv- 
ing additional evidence for the low toxicity, if .any. of these 
fractions. 


A e K N’ o w 1 ,r.i >r, r.N T s 

I'oetor Waldo r. Ault of the eastern Ke:^;<,nal Labor.atorv 
of till. r. S. I'lepuvunent of Agriculture hu'; greatly helpf'd 
thi'. wtivk widi hi.^ advic'', suggcstion>-'. .ami criticisms. 
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kidneys of the animals on tlie distillate ■were within normal 
limits, although somewhat above those of the animals fed 
fresh fat. The adrenals of the two groups scarcely differed 
from one another, in contrast, the livers, kidneys, and adren- 
als of the animals given the residue fraction substantially 
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Fig, 3 Iiiflucuco of fresh lard and distillate from the molecular distillation 
of a hydrogenated vegetable oil previously used for deep frying for SO hours 
upon the organ, ^vcight'body Aveight relationships of male rats kept at constant 
wight by restricted feeding for 5 weeks. On the log — log plot, the parallel 
lines indicate tlic upper and lower limits of the spread in organ weight of rats 
with unrestricted intakes of a control diet containing fresh lard. 


exceeded the upper limit of the normal (Kaunitz et al., ’56). 
These results also show that the distillate itself is liardlj' 
toxic. 

This low toxicity again became evident in studies with low- 
protein diets. In earlier work (Kaunitz, ’53), it was pointed 
out that weanling rats placed on diets containing only 5% of 
casein and fresh fat maintained their weight for several weeks 
and grew slowly thereafter. Ten per cent of a sample of oxi- 
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Vancouver. 77. C., Canada 
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A ])rovious report from tins laboratoi'y revealed that 
cellulose digoslion by rumen microorganisms in vifro Avas 
markedly stimulated by such fishery by-products as Avhale 
solubles, herring solubles and herring sticlcAvater as Avell 
as by a mixture of IS amino acids (MacLeod and Brumwolh 
Mi). Although much of the otToct of the fishery by-products 
could be ascribed to their amino acid content, some evidence 
was obtained that otlier unknown factors might also be 
l)rosent and capable of stimulating celhdose digestion. The 
present study was undertaken to investigate this possibility 
further. 

In the previous study a marked stimulation of cellulose 
digestion was obtained with the various supplements tested 
<mly wlien a more dilute inoculum of rumen liquid than it 
had tireviously boeti the custom to use (cf. Burroughs ot ah, 
Td) was employed. It was evident that additional informa- 
tion regariling the nutritional requiremeius of rninen micro- 
org.anisnts could be obtairo'd only if an aetiv(* inoculum 
wa'-lted as frci* 0"=^ po^ibb* of rutneti li<inid wa- u<‘^d. 

\’ari(in^ oonqxuind^ or groups' of <'0!npmtn<L have b^*#*:! 
v»'piu*tod to ^ti!nulat(‘ oelluloso digestion by rtiinen micro- 
or‘.::ini^in< it: vitro. Tle**^** iticireb- glueiw,* (HcifinTcl e? ab. 
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trifuged at high speed (25,000 X G) for 25 minutes to sediment 
l)acterial cells. The cells ivere resuspended in a solution 
containing glucose, cysteine and the same salts as were 
present in the basal medium. The concentrations of the 
latter in the wash solution were the same as those in the 
basal medium while glucose was present at a concentration 
which would provide the optimum level of glucose to the 
fermentation medium Avhen the inoculum was added to the 
tubes. The resuspended cells were centi-ifuged, the super- 
natant removed and the cells again suspended in the wash 
.solution. This operation was repeated twice. The cells were 
finally diluted with a volume of wash solution usually equal 
to one-fifth of the volume of the rumen liquid from which 
llic cells were originally obtained and 2.5 ml of this suspension 
was added to each assay tube. 

To ensure that the inocula used from assay to assay had 
appro.xiinately the same initial activity, a means of comparing 
the activity of the various inocula was developed. The time 
required for a given volume of the washed suspension of 
rumen microorganisms to reduce a solution of triphenyl 
tetrar.olium chloride under .standard conditions was deter- 
mined. In this tost 2.5 ml of the washed suspension was 
added to 2.5 ml of a solution containing 0.25 ml of 0.1 /h 
triphenyl tetrnzolium chloride, 0.3 ml of lO^c glucose and 
1.0 ml of M /15 phosphate buffer. The time required to reduce 
tile dye at 40° C. was then dotormined. Reduction times 
obtained with tiie inocula were correlated with the rates of 
the corresponding fermentations. Inocula reducing the dve 
in times ranging from 4 to fi minutes were found to be tlie 
most satisfactory. Suitable adjustments in the volume of 
the suspensions could usually be made to obtain inocula having 
reducing time.« falling within this range. 

Ro.'-'id im diuni. The cnnqwsition of the chemically defined 
nii’dinm found in this study to be capable of ]»rnmotiug tin* 
bi'^t c('llulo«o digestion by rumen microorganism^ h; iifro 
i'' presi'uted in table 1. (’ellulose w;ic added to tlte meditnn 
a' a roll of vegetable p.arohment. (lluco'e wa': inoorj>ornted 
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(Hall et al., ’53; Bentley et a]., ’54), an amino acid mixture 
(MacLeod and Brumwell, '54), nroa (Belasco, ’54), some 
steroid compounds (Brooks et al., ’54) and certain short- 
chain fatty acids (Bentley et al., ’55; Bryant and Doetsch, 
’55). 

Using a n’cll-washcd inoculum of rumen microorganisms, 
a chemically defined medium has been developed incorporating 
at their optimum levels those factors found to be efTectivo 
in this study in stimulating eellidose digestion. The medium 
developed vas then used to determine vhether various natural 
materials have a capacity to pi’oduce a furthej' stimulalio]i of 
cellulose digestion. In the course of this study it was estab- 
lished that three amino acids, namely leucine, isoleucine 
and valine were primarily responsible for the stj’ong stimula- 
tion of cellulose digestion previously shown to he produced by 
a mixture of 18 amino acids (MacLeod and Brumwell, '54). 

KX I'KUnt ENT A 1. M ETIIOUS 

In vitro rumen fermentations were carried out in a series 
of IS X 15U mm test tubes essentially as described previously 
(MacLeod and Brumwell, ’54). (’ellulose digestion was mea- 
sured by determining the difference in the weight of a roll 
of vegetable parchment (dialyzer paper) before and after 
fermentation. 

Prepai'afiov of the ivocidum. Tnocula washed with varying 
degrees of thoroughness have been emjdoyed in certain of 
the more recent studies of cellulose digestion by rumen 
microorganisms in vitro (Bentley et ah, ’55; Cheng et ah, 
’55). 

The following procedure, develo]ied in this laboratory, was 
found to give rise to a cellulolytically active, washed inoculum 
of rumen microorganisms. Rumen liquid obtained at an abat- 
toir from the paunches of freshly killed cattle was strained 
through cheese-cloth to remove gross particles. The strained 
liquid was centrifuged at low speed (125 X G) in a Servall 
SS-1 centrifuge for 5 minutes to remove as much non-bacterial 
matter as possible. The supernatant liquid was then cen- 



7ii tifro RUMEN CELLULOSE DIGESTION 


247 


trifugcd at high speed (25,000 X G) for 25 minutes to sediment 
bacterial cells. The cells Avere resuspended in a solution 
containing glucose, cysteine and the same salts as u’ere 
present in the basal medium. The concentrations of the 
latter in the n-ash solution Mere the same as those in the 
basal medium -while glucose was present at a concentration 
which would provide the optimum level of glucose to the 
fermentation medium when the inoculum was added to the 
tubes. The resuspended cells were centrifuged, the super- 
natant removed and the cells again suspended in the wash 
solution. This operation was repeated twice. The cells wei-e 
finally diluted with a volume of wash solution usually equal 
to one-fifth of the volume of the rumen liquid from which 
the cells were ori^nally obtained and 2.5 ml of this suspension 
was added to each assay tube. 

To ensure that the inocula used from assay to assay had 
approximately the same initial activity, a moans of comparing 
the activity of the various inocula was developed. The time 
required for a given volume of the washed suspension of 
rumen microorganisms to reduce a solution of triphenyl 
tetra'/.olium chloride under standard conditions was dotor- 
minod. In this test 2.5 ml of the washed suspension was 
added to 2.5 ml of a solution containing 0.25 ml of 0.1^ 
triphenyl tetrazolium chloride, 0.3 ml of lO^c glucose and 
1.0 ml of M/15 phosphate buffer. The time required to reduce 
the dye at 40° C. was then determined. Reduction times 
obtained with the inocula were correlated with the rates of 
the corresponding fermentations. Inocula reducing the dve 
in times ranging from 4 to 0 minutes wore found to be tho’ 
most satisfactory. Suitable ad.iustments in the volume of 
tlie suspensions could usually be made to obtain inocula havimr 
reducing times falling within this range. 

Hiisal hirdiuru. The composition of the chemically defined 
medimn found in this stmiy to be capable of promoting the 
be>;t ci'llulose digestion by rumen microorganisn!-' ii: rifro 
j'-- pr.-ceiijed iu table 1. Cellulose was added to the medium 
.•e- a roll «if vegetable parclmu'-ut. Glucose was incorj'orated 



248 


ROBERT A. JUcLEOD AKD J. F. MURR^VY 


into the medium with the inoculum. 

The mixture of salts 

used was the same as that employed previously (MacLeod 
and Brumwell, ’54). The remaining components of the medium 
were added at levels established by experiment to be op- 
timum under the conditions employed in this study. 

TABLE 1 


Co7nposition of fermentation 

ftiediu m 

cOMroxrxT 

amoun’t/ 20 ml 

Cellulose 

500 mg 

Glucose 

20 mg 

Urea 

18.45 mg 

C^’steinc 

15 mg 

Amiuo acid mixture ^ 

4.0 ml 

Vitamin mixture ® 

1.0 ml 

Salts A’ 

1.71 ml 

Salts B* 

0.17 ml 

CaCl, 

0.646 mg 


* Amino acid mixture; DL-alanine, 2gm; L-aspartic acid, 400 mg; L-gliitamic 
acid, Igm; DL-tlirconine, 400 mg; DL-scrino, 400 mg; glycine, 200 mg; Ldysine. 
400 mg; L-methionine, 200 mg; L-C3’stinc, 200 mg; li-argiiiiiic, 400 mg; irproline, 
200 mg; L-histidinc, 200 mg; DL-plicnylalanine, 400 mg; L-tyrosiiic, 200 mg; 
L-tryptophan, 200 mg; i>valinc, 200 mg; i/deuciiie, 200 jng; L-isoleiicinc, 400 mg, 
in total volume of 500 ml. 

'Vitamin mixture; riboflavin, 10 mg; pyridoxal, 2 mg; calcium pantothenate, 
10 mg; thiamine, 10 mg; niacin, 10 mg; p-aminobenzoic acid, 2 mg; biotin, 100 /xg; 
folic acid, 100 pg; vitamin B,., 15 Mg, in a total volume of 100 ml. 

® Salts A; Na,HPO„ 8Ggm; XallCO^, 26.25 gm; KCl, 3.75 gm; NaCl, 3.75 gm; 
MgS 04 , 1.30 gm; in a total volume of 1000 ml. 

^ Salts B; FeS 04 (NH 4 )jS 04 • CH^OjS.SO gm; MnSO^ - 4H,0, O.SOgm; ZnS 04 • 7 
H.O, 1.43 gm; CuSOi • 5HA 0.625 gm; Co O, • 611.0, 0.337 gm, in 1000ml of 
solution. 

Fermentation technique. The technique employed in this 
investigation was only a slight modification of that described 
previously (MacLeod and Brumwell, ’54). In the present 
investigation smaller test tubes (18 X 150 mm) were used. 
Each tube in each assay was prepared in duplicate. Before 
inoculation CO 2 gas was bubbled through the contents of each 
tube to produce anaerobic conditions and at the same time 
to lower the pH of the medium to the starting value of 
6.9. To maintain anaerobic conditions and still provide « 
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means of making allowances for tlie production of fermenta- 
tion gases, the tubes were capped with small rubber balloons. 

It was found in preliminary studies that there was no 
particular advantage to adjusting the pH of the tubes during 
the course of the fermentation so long as the fermentation 
did not proceed too far. In this study the fermentation was 
terminated when visual inspection indicated that approx- 
imately 30 to 50% of the cellulose had digested in those tubes 
which were fermenting most rapidly. 


EXPERIMENT.\L 


Jiespovsc io amino acids. The previous study had revealed 
that cellulose digestion by rumen microorganisms was strongly 
.‘Stimulated by the addition of a mixture of IS amino acids to 
the fermentation medium (l^IacLeod and Brumwell, ’54). 
A similar response to amino acids was obtained using a 
washed inoculum of rumen microorganisms and the level of 
(lie mixture producing maximum stimulation in the medium 
was approximately the same as found previously to bo op- 
timum. To determine which of the amino acids in the mixture 
w<‘re responsible for the effect obtained, the IS amino acids 
were first subdivided into three groups of 6 each. These 
groups were tested alone and in combination for their ability 
to promote cellulose digestion. It can be seen, table 2, that 
only one of the three groups, group C. was active and in 
this experiment it proved to t>e more active than the complete 
mixture. When the fi amino acids in group C were divided 
int(t the two sub-groups C, and Cj. sub-group was found 
to havt' the same activity as that of t'. Suli-group C„ contained 
b'Ucine. isoleuoinc and valine. Omission of each of the amino 
a<Md'- in turn from group C. intricat<-d that each was making :i 
(■mitribulion to the re<pon«i- produced by the mixture in this 


('xp'-nment. 

Ih-eanse the tyj^es of organisms comjtosing the rumi-n 
poptdntion cat! b.> ju-osent in llie rumen in dinering i»ropor- 
tions ((ball .'! .-d., l■sI>^•ei:l^y if tho feeding regitnen of the 


anim.ab is m't wefi conlrolb d. ot',,. ttiigh. 


‘•xpi ct sf,j!ti> v.aria- 
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tion in the response of the population to growtli factors 
from one time to another. For this reason, experiments of 
the type illustrated were repeated using inocula obtained from 
rumen liquid collected on numerous dilTerenl occasions. On 
each occasion the sub-group containing leucine, isoleiicine and 
valine was found to be responsible for most or all of the 
activity of the complete mixture. When the three amino acids 


TABLE 2 

The effect of grouiys of amino acids on cellulose digestion hy rumen 
7nicroorga7iisms in vitro 


ADPITION’S to .medium * 

<fc CEI.UUX.OHE 

DU'.KSTED * 

Xonc 

7 

Complete mixture 

23 

Group A 

s 

Group B 

3 

Group C 

33 

Group Cj 

0 

Group Cs 

32 

Cj minus valine 

IS 

Cj minus leucine 

8 

C 2 minus isoleucino 

12 

^ The medium of table 1 was used with the amino 

acid mixture omitted and the 

total nitrogen content of cacli tube maintained at 1 

7.3 mg by the addition of au 


appropriate level of urea. 

The various groups shown contained the following amino acids: A — alanine, 
aspartic acid, glutamic acid, threonine, serine, glycine; B- — lysine, methionine, 
cystine, arginine, proline, histidine 5 G — phenylalanine, tyrosine, tryptophan, 
valine, leucine, isolcucine; Ct — phenylalanine, tyrosine, tryptophan; C-- valine, 
leucine, isoleucine. 

‘ Incubation time = 72 hours. 


were tested alone and in combination on the different occa- 
sions, howevei', somewhat more variable results were obtained. 
Usualty the three amino acids together were belter than each 
tested singly or in pairs. In one case, however, the three 
amino acids were all equally active when tested individually 
while in another certain pairs were as good as all three. 
At no time was it found possible to obtain appreciable 
cellulose digestion without any of the three amino acids being 
present. 
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The results of the experiment recorded in table 2 indicate 
that in this case the complete amino acid mixture n-as less 
ctTective than tlie combination of leucine, isoleucine and valine 
in proinotiii'r cellulose digestion. In general, however, the 
com]ileto mixture had at least the same and sometimes slightly 
more activity tlian the more limited number of amino acids. 
For tliis reason the complete mixture of amino acids rather 
than the combination of leucine, isoleucine and valine alone 
was incluflofl routinely in tlie preparation of the basal medium. 

T.\ni.E 3 

A com}>nr\^on of Uic nhifiti; of rrrtrtin (imino acUls rtn#! fciH}j 

mu] in rornhinntioji to promote ccUulosr fliprytion hp 
rpjnrn m{rroorf7an!.‘5m.^ in vitro 

AM>ITI0S*P to MrOIL'M * 

Xono 

Vnlino It’uciiio -f- i<'oIf*ucino 
( 12 of oncli) 

Vnlino Irucinc -f i.^^oloucino 
(24 of ont*h) 

Vnloric isovnlorif nrids 
(12 of ench) 

Valine leneine it-oleucinr -i 
valeric aci<l -r i'^ovaleric acid 
(12 mM of cadi. 

taMe 2. 

* 1 time 01 lionr**. 


^ ri:Lnrix)sE 

29 

rA 

i 

*f I 

44 


}voiiiloy ot al. ('ar)) fouiul that (li;rostion by rnnit*n 

init'roortranistii^ (‘ould In* stinnilat<nl by cortain ?hor{-clia5ii 
fatty af‘i(1s pros^^iit in nnnon liquid as ivtdl a? l>y proliuo and 
valiun. liryaut an<l (’aa) o]»s»*rvod that Jinri^^ro'uh < 

>Ufrn:^*fh a (M*llulfilyt i(‘ hactiudnin isolatod from tlu» hovim* 
vuun i!. r<*tpiin‘(l a ctmibinatiou of a a- to S^rarhon j^traivht- 
t'haiu fatty :a‘id and a hramdu*d-tdiaiu fatty acid whicli could 
1 m* I'ifla-r i^ohiityric, i^ova]i*ric or d!-rani*tuy!-u-hntvric acidi 
tor vinwiiu It wa^' of iut«‘rc^t to kaaw xvh«'*thF*r tho pfr»^ct of 


di^*-'tiou hv ruu!*‘o 




\] to nr “ ath Tit of ila' r**- 
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The resnlls in lablc 3 sliow ilio response to a combination 
of valine, leucine and isoleucine vlien these were tested at 
the level at which they were present in the complete mixture 
used in the basal medium. Doubling tlie concentration of the 
amino acids had a slightly inhibitory elTect. Valeric and 
isovalei'ic acids tested in combination at tlie same level as 
the three amino acids promoted cellulose digestion but not 
to quite the same extent as the amino acids. The addition 
of the fatly acids to a medium containing the three amino 
acids caused no further stimulation of cellulose digestion but 
actually a decrease similar to that obtained by adding an 
excess of the tlivee amino acids. 

Tliere was thus no evidence of synergism when the amino 
acids and the short-chain fatly acids were tested together, 
but rather it would appear from those results that the two 
types of oompounds were being used interchangehbly in 
promoting cellulose digestion by the immon microorganisms. 

Response io vitamins. Hall et al. (’53) found that biotin 
and vitamin Bio were stimulatory io cellulose digestion in 
vitro, while Bentley et al. (’54) reported a response to biotin, 
vitamin B]o and 2 >-aminobonzoic acid. 

A mixture of 9 vitamins when added to the fermentation 
medium used in this study consistently stimulated cellulose 
digestion by the rumen microorganisms. Some difficulty, 
however, was encountered in establishing which vitamins 
singly or in combination contributed to the stimulation pro- 
duced by the mixture. The results of one experiment, shown 
in table 4, reveal that on this occasion the omission of either 
pyi’idoxal, thiamine or niacin lowered the response of the 
micro-organisms to the vitamin mixture. In other experiments 
folic acid and 2 J-aminobenzoic acid also appeared to play a 
role. Throughout these experiments, pyridoxal (replaceable 
by pyridoxamine or pyridoxine) was consistently effective in 
stimulating cellulose digestion. To ensure maximum stimula- 
tion from the water-soluble vitamins, the complete mixture 
was included in the basal medium at a level slightly in excess 
of that producing an optimum response. 
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Response io glucose. Hoflund et al. (’48) found that 0.1 to 
0.2^ of glucose in the medium stimulated cellulose digestion 
by I’umen microorganisms m vitro "while higher levels de- 
pressed it. 

Tlie effect of adding increasing concentrations of glucose to 
the fermentation medium used here is shovm in table 5. In 
this experiment glucose was omitted from the wash solution 
used to prepare the inoculum. 


TABLE 4 

K/Trrf of rifnTnins on ccUulofc d{<Tr5:((on bu ritmcn Tnicro-orpaniism.*! 


AT>riiTio?;R TO Mnmrsr ' 

Cc crLutmost 
niGEfTro - 

None 

20 

Complete vitninin mixture 

SO 

minus riboflnvjn 

33 

minu.*; pyrirloxal 

27 

minus calcium pnntollifiiat*' 

35 

minus thiamine 

27 

minus niacin 

22 

minus p*aminohrnroic 

34 

minus biotin 

30 

minus vitamin B,. 

34 

minus folic aci^l 

35 

* The medium of table 1 ^vas u‘><*tl with the vi1 

:amin mirrture omitted. 


’ Innihatinn tinv' ^ lionrs. 


of wrrrt] 

t.m'.lj: r* 

rMfiO UxfU rtf pl'.rro.tr or 

di/jrikfion by 


TutrroAroGcfmr fr i {frc> 


i.\ VI A! !,rT> ' 


'* rim.vio'r. 



: mr* rra * 

f*" r ' r e r 

0 


12 

K» 


25 



24 







2t 

V * 


rx > 

5 ^ 





„ . 

l f h < f V 

tv 1 t » v,t> : 

• \ 


T* ' ' 
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The results show that stimulation of cellulose digestion 
was obtained in the same range of glucose concentrations as 
that observed by Hoflund et al. The optimum response was 
obtained over a range of 10 to 40 mg per tube (0.05 to 0.2%) 
while decreased effects were observed at higher concentrations. 
Although the magnitude of the stimulation Avas not great, 
it was found that the routine inclusion of glucose at a 0.1% 
level in the medium greatly improved the reproducibility of 
all assay results. 


T.vnuE c 


Thr relation of the cclUilohdic factor Ofldctt to the resiionsr of rumen 
inirroorpfijitsms fo urru 


t'KId 

tA'I.Of.YTIV KAi'TOr. ADllFD 



I'irtvnJci'ir 

Arninn nri 

i\s 


\t\h’riv tu'uK 

no«tri(lc<l - 

Coniplet*^ ^ 

twgfso ml 




0 

31 

36 

27 

IS 

27 

26 

30 

27 

30 

35 

as 

36 

32 

30 

42 

45 

34 

3S 

25 

54 

2S 

*■>'» 

0 

^ The basal medium used ivns that of 

table 1 with urea and 

the amino acid 


Jiiixture omitted. 

®Lcueiiie -f- isolcucinc -f valine added at the level present in the complete mixtaro. 

^Complete mixture of IS amino acids (sec tabic 1). 

^Incubation time =; 8f) hours. 

Response io urea. The presence of urea along with A’arious 
food proteins in in vitro rumen fermentation studies has been 
found to improve cellulose digestion over that observed with 
the food proteins alone (Belasco, ’54). In the present study, 
the level of urea needed for maximum stimulation of cellulose 
digestion varied depending on the “cellulolytic factor” em- 
ployed. More was required if the combination of valeric 
and isovaleric acids was added than if amino acids wore used, 
table 6. Even in the presence of the mixture of IS amino 
acids the addition of urea was quite strongly slimulatoiy. 
Further increases in urea concentration beyond tbe level re- 
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quired for maximum activity broaglit about a decrease in tbe 
amount of cellulose utilized, in a manner similar to tbat 
observed by Belasco (b54). In tbe presence of the complete 
amino acid mixture, not only was less urea required for 
maximum cellulose digestion but also less was needed to 
produce inhibition. Thus there is a comparatively narrow 
range of nitrogen concentration producing optimum cellulose 
digestion, a factor to be considered when testing the growth- 
promoting activity of natural materials. 


T.VBLE 7 

I' {feet of various svppUmcntJi on crUulosc digestion hp rumen rnieroorpanisms 
in the compute synthetic medium 


Ftrn.tMrs'T to 
FTNT lirTJC Mtoirit ' 

jixr. 1 

EXP. 2 

EXP. n 





None 

OO 

UO 

41 

46 

\Mialc s^olubtcs 

42 

45 

52 

Herring Folabl^*'^ 

37, 

41 

54 

Yrnst extract 

37 

40 

44 

Knrymatic ca?^in 

30 

41 

30 

Ucef liver extract 

41 

48 


Malt extract 

Herrin};: s-ticVavntrr 

28 

3S 

51 


' Tlic cmnplrlc inf'iVnim of table 1 ^vn? the br\«al Knch supple* 

iip'itl rtt n from 1.7 to 17-. 1 <»f ititrojLjoj: 

p* r tubo. 


Kffref of wiscrUaucous supplemcni^^. Purines and pyrimi« 
<Uno.< as well as various steroid compounds have boon re- 
ported to stimulate digestion by rumen microorccanisms in 
rrfro (llentley ot ab, \)4 : l^rooks et aL. 'o-i). Adenine, 
Kunnine, nraeil and xanthine added alone and in combination 
to this basal mfulium at a level of 4^0 ui: per tube had no 
''tinmlatory »‘tToet on the fermentation. Tlie adflition of 
at a b‘\a‘l of 4oo )ii: ]^er of medanm both 

alon»‘ a.ntl va eonibination voith Tv:*M>n 4u Iba-wi-e ,jid 
ati*’et e‘‘Unlov,. tuv*‘^tion mnler tlie etnalitior.c nc».d 

r.nfur\il fo il * •’'m'?’:* ' 

\a'\\ all of tla* e,.nn/‘»n!al< fnmal \v. tri:- ^t'aiv to b » :>i*tivo 
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promoting cellulose digestion Avere combined at levels pro- 
ducing maximum activity, the medium shown in table 1 was 
obtained. To determine whether additional factors were ac- 
tive in stimulating cellulose digestion, supplements of various 
natural materials were added to the synthetic medium. The 
results obtained in three different experiments are summarized 
in table 7. Since the margin betAveen the optimum and the 
inhibitory loAml of nitrogen in the medium Avas small and 
somcAA'liat variable, each supplement Avas tested at a number of 
different leA'ols in each experiment. The level of supplement 
at AA'hich a maximum response Avas obtained A’aried from one 
experiment to the next. The results reported in table 7 
represent the maximum response obtained for each supple- 
ment in each experiment. It can be seen that certain of the 
supplements, particularly AA’hale solubles and beef Ihmr extract 
produced an appreciable stimulation of cellulose digestion 
OAmr that obtained in the synthetic medium alone. The amounts 
of supplement required to produce a response, hoAvever, Avere 
quite large, ranging from 30 to 60 mg per tiAbe. 

DISCUSSION 

In this study leucine, isoleucine and Amline liaA’C been found 
to be interchangeable with short-chain fatty acids in promot- 
ing cellulose digestion by rumen microorganisms in vifro. 
Bentley et al. (’55) haAm found valine to be active, in stimulat- 
ing cellulose digestion in the absence of fatty acids. In 
studying the groAvth requirements of Bacteroides snccinogeneSr 
a cellulose digesting microoi’ganism isolated from the bovine 
rumen, Bryant and Doetsch ( ’55) obtained a response of the 
oi’ganism to short-chain fatty acids in a medium containing an 
enzymatic digest of casein. The same brand of enzymatic 
casein at the level used by the latter authors has been found 
in this study to produce maximum cellulose digestion by 
rumen microorganisms and all attempts to increase the ex- 
tent of digestion by adding either leucine, isoleucine and 
valine or short chain fatty acids have been unsuccessful. 
The difference in response obtained can probably be ascribed 
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to the fact that in the cases where amino acids and fatty 
acids have been found to be interchangeable a mixed culture 
of rumen microorganisms was used. Hungate (’50) has 
described 7 and Huhtanen and Gall ( ’53) 9 different bacteria 
or strains of bacteria isolated from the bovine rumen 
capable of digesting cellulose or fibre. It is of course possible 
that fatly acids are able to stimulate one and the amino 
acids anolher of these strains or group of strains. Knowledge 
of llio growth requirements of other cellulolytic bacteria 
which have been isolated from the rumen in pure culture 
should prove of interest in connection with this possibility. 
The similai’ity in structure of the active amino acids and 
fatty acids, however, appears to be more than coincidental and 
it is likely that, in the mixed culture, organisms associated 
with the eelliiloso digesters can convert the appi-opriate 
amino acids to the specific fatty acids required by at least 
one strain of cellulose digesting microorganism. Evidence 
for the production of volatile fatty acids from amino acids 
by microorganisms from the rumen of sheep has been de- 
monstrated by El-Shazly (’52). Of particular interest in 
connection with the work reported here is the fact that the 
latter author has jiostnlated that the branched-chain and 
volatile fatty acids in the rumen are formed from valine, 
leucine and isolencine as a result of Stickland typo reactions. 

Whetlu'r the res])oiise to supplements of natural materials, 
wliich was obtaiiu'il in the fermentation, is due to one or 
more specific factors presold in the su])plements or to a more 
ireiioralir.e-d resjtonse to the arldition of large quantities of 
jtrefonned growth factors to the medium has not been cstab- 
lielied. The rel.atively larire amounts of tlie supjilements re- 
q\ured to nht.ain the responses observed sucrerests that the 
lali.T <-\p]a!’.ation eeeald account for the elTcct. To make it 
t'rofjtat'le to jmrstie this ]>ha'^e f'f the problem further in.ocnla 
i'htami-ii under ninr<‘ reimoditoiMc con.ilition< t!ia:\ :src pr« s. 
• t'.tly available to thi-^ laboratory would h.e require-l. 
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SCxAtMAIfV 

Using a -washed inoculum of rumen microorganisms a 
chemically defined medium has been developed incorporating 
at their optimum levels those factors found to be effective 
in this stud}' in stimulating cellulose digestion. In this medium 
responses to amino acids, short-chain fatty acids, various 
vitamins, glucose and urea have been demonstrated. 

A combination of valine, leucine and isoleucine was found 
to be primarily responsible for the strong stimulation of cel- 
lulose digestion previously shown to be produced by a mixture 
of 18 amino acids. The combination of leucine, isoleucine and 
valine could be used interchangeably with and was somewhat 
more effective than the volatile fatty acids tested in promoting 
cellulose breakdown. 

Of the various vitamins tested, vitamin Bn was the most 
consistent in its ability to stimulate cellulose digestion by 
rumen microorganisms in the medium used. 

The level of urea required for maximum stimulation of 
cellulose digestion varied depending on the cellulolytic factor 
employed. More was required if the combination of valeric 
and isovaleric acids was added thai] if amino acids were 
used. Optimum cellulose digestion occurred over a compara- 
tively narrow range of nitrogen concentration in the medinni. 
Above this range inhibition occurred. 

When various natui’al materials, in particular whale solubles 
and beef liver extract, were added to the synthetic medium, 
some further stimulation of cellulose digestion over that 
obtained in the synthetic medium alone resulted. Relatively 
lai'ge amounts of the supplements were required to produce 
the additional response. 
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Very little is known about tiie amino acid requirements of 
the laying hen (Bird et al., ’54- ; Almquist, -52), This paucity 
of information has been primarily the result of an inability to 
formulate a free amino acid diet on which hens would maintain 
egg production. Attempts to formulate such a diet have been 
reported only by Wisconsin workers (Ingram et ak. -SOa) 
who found that egg production ceased in two to 4 days when 
hens were fed amino acid mixtures. Gran and associates 
(MS, M9) have also reported diniculties with purified diets 
for laying hens. 

It is the purpose of the present report to discuss studies 
from this laboratory that have led to the successful formula- 
tion of a free amino acid diet suitable for studying the quali- 
tative and quantitative amino acid requirements of the chicken 
for egg production. 


r.XPr.RlMENT.M. 


Sinde ('omb White Loirhorn heus from the l'niver.=ity flock 
which were laying in clutche? of two eggs or more were used 
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in these studies. The birds were maintained in individual 
cages in a temperature regulated room and alloAved water ad 
libitum. "When not on an experimental diet, the hens were fed 
an all-mash ration.- 

In view of the findings by Almquist (’47) that chicks fed 
free amino acid diets exliibited depressed appetites, birds 
were force-fed in the early expeidments in order to maintain 
a constant nutritive intake for body maintenance and egg for- 
mation. Foi'ce-feeding was carried out at the rate of 

Y = 37 W- ' 

where V = gr.Tiiis of dipt J)pr d!iy 

and '\V = body weight to the nearest 0.1 lb, at the beginning 
of an experiment. This formula is based on an arbitary feed 
intake of 25 gm per pound body weight for a 3.6 lb. bird, lay- 
ing at a normal rate. 

The force-feeding was accomplished with tlie aid of a metal 
funnel attached to a § in. polyethylene tube, the latter ex- 
tending into the crop. The diet was mixed in a beaker with 
equal parts of water by weight and was then poured into the 
funnel. Diet adhering to beaker and funnel was rinsed out 
with a wash bottle. When force-feeding was employed, birds 
were allowed access to the diet and were fed 6 times per day 
at two-hour intervals. 

Five different basal diets were employed in the development 
of the adequate diet and are given in table 1. The amino acids 
essential for the chick (Almquist and Grrau, ’44), arginine, 
glutamic acid, gl 3 mine, histidine, isoleucine, leucine, lysine, 
methionine, phenylalanine, threonine, trj'ptophan and valine 
together with alanine, aspartic acid, cystine, proline, serine 
and tyrosine were used to develop the diet. The amino acid 
components were thoroughly mixed Avith the basal diet pre- 
ceding each experimental trial and the total made up to one 

* Ground yellow corn, 35.5; ground wheat, 20; ground oats, 20; soybean oil 
meal, 5; meat scrap, 7.5; alfalfa meal, 6; steamed bone meal, 2; mineral con- 
centrate (Mico. Ijimcstone Corporation of America), 3; salt, 0.35; vitamin A 
& B oil, 0.4; vitamin Bin-antibiotic feed supplement, 0.25. 
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htmdred parts yn\h. tlie addition of glucose (cerelose) or 
starch. Sodium bicarbonate ^vas added to neutralize the HCl 


radicals of the basic amino acids on a molecular basis at the 
beginning of the study ; later bicarbonate addition ■was stand- 
ardized at 1% in all diets. 

Two birds were used per treatment: these were repeated 
until satisfactory conclusions could be draun. 

TABLE 1 

Composition of tewaZ dicZs 

iN'oi.rDirKT 



DIKT 



A 

li 

c 

D 

E 


TV 

rc 


57 

Tc 

Glucose (cfrflosr) 

5C.OO 

31.96 

1S.9G 



Corn f«tnrch 


20.00 

30.00 

51.96 

51.96 

Corn oil 

5.00 

5.00 

8.00 

10.00 

12.00 

Fiber 

5.00 

5.00 

5.00 

o 

o 

3.00 

Minornl mix* 


5.31 

0.34 

5.34 


Li me*' tone 

Vitninin A, D nnd K 

2-50 

2.50 

2.50 

2..50 

2.50 

ror.rcntrnte * 

0.10 

0.10 

0.10 

0.10 

0.10 

CiKdtnc Cl 

0.10 

0.10 

0.10 

0.10 

0.10 

Vitnmiii mix • 0.15 

VnrinlAc ingredients 
(ninino ricidp, nntineid 
nd‘orbrnt/, bimrbonntr', 

0.15 

0.15 

0.15 

0.15 

i'tnTcb') 

24.S5 

20. S 5 

29.S5 

24.S5 

24.55 


100.00 

100.00 

100.00 

100.00 

lOO.Ov' 

‘ I'rrcriilnpe of di<^' 

; Cr»C<.b. 0. 

5000; Cr.:(rO/l 

^ cy»^i 

t, L . 

0: KJIPO, 

0.95 

.711,0, O.Cr.rjO; 
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: 7.:.n,. 

0/-02<'>: KI 
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RESULTS 

The first amino acid mixture to he tried Avith basal diet A 
Avas based on the published requirements for the groAving 
chick. The force-feeding of this diet resulted in immediate 
stasis of the digestive tract and coma dcA’^eloped after two 
days. Upon being sacrificed, the birds shoAved hemorrhagic 
and necrotic areas in the lumr. Crop and proAmntriculus A\'ere 
also affected, as indicated by many bleeding ulcers. The stasis 
of the digestive tract A\’as similar to that described by Spector 
and Adamstone (’50) in rats on an amino-acid-deficient diet. 

Noticeable improvement in the general condition of the birds 
AA'as achieved upon the addition of higher leAmls of isoleucine 
and lysine as Avell as by a change in the source of the amino 
acids.® Supplementation Avith 1% of an aluminum hydroxide- 
magnesium trisilicate prepai-ation,^ originally introduced to 
control the ulcer condition, further iraproA'cd the diet. With 
these changes, coma, liAmr necrosis and ulcer foi’mation Avere 
prevented and food passage Avas normal; nevertheless, egg 
production ahvays ceased AA’itbin 4 days, as had been the ex- 
perience of Ingi’am et al. (’50a) under ad libitum feeding 
conditions. 

Caloric intalce. The greatest improAmments toAAmrd a suc- 
cessful ration Avere made by increasuig the energy content. 
Basal diet B contained 20% starch added at the expense of 
an equal amount of glucose (cerelose).® This change resulted 
in continued egg production for 6 to 7 days instead of the 
4 day limit previously observed. In basal diet C, energy Avas 
further increased by raising the starch level at the expense of 
glucose, as Avell as by a substantial increase in the corn oil 
fi’om 5 to 8%. On this diet one bird maintained egg produc- 
tion for the entire tAAm-Aveek experimental period, laying 10 

*With the exception of glycine, arginine, and methionine, all amino acids were 
henceforth purchased from Nutritional Biochemicals Incorporated, Cleveland, 
Ohio. 

* Gelusil, courtesy of Warner- Chilcott Laboratories, New York, N. Y. 

® The change provided a small increase in caloric intake since Anderson and 
Hill ('55) have indicated that cornstarch provides 10% more metabolizable energy 
than glucose (ccrelose). 
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eggs in 14 da-ys. To tlie antliors’ knowledge, this is the first 
report of a hen maintaining normal prodnction for this length 
of time on a diet of free amino acids. 

As a result of these experiments it was apparent that most 
of the difficulty in maintaining egg production on amino acid 
diets was related to the caloric intake of the birds. Eose, 
Coon and Lambert (’54) have shown that humans require 
progressively more energy to maintain positive nitrogen 
balance as the diet is changed from casein to hydrolyzed 
casein to an amino acid mixture. 

Basal diet I) was next employed; it contained starch as 
the only carbohydrate and 10% of corn oil. It soon became 
evident that this diet was rather well balanced, since most, 
but not all, hens began eating it by themselves at a normal 
rale, at the same time maintaining normal egg production 
over the two-week experimental period.® 

A tyi)ical experiment showing ad libitum feed consumption 
and egg production for 10 hens on this diet is shown in table 
2. It will be noticed that all birds that ate well ihrouglioid 
the experimental period continued to lay, wiiile those that 
did not consume enough nutrients did not maintain produc- 
tion. This was confirmed in several other experiments not 
listed here. Thus, the adequacy of a diet seems to be re- 
flected in the voluntary feed consumption of hens during the 
first week. Lgg production may not be affected until the sec- 
ond week due to the presence of ova in various stages of de- 
velopment as well as other protein stores. This is best illus- 
trated in table .1 which demonstrates that birds on imbalanced 
diets laid oidy a few eggs and nearly all of them stoj)ped 
production within the first week'. In view of these consistent 
findimrs. a two-week exjierimental jieriod wa-; ciiosen for 
th'-'-e studies. 


'I'o det,,j.]„',,,p iPp optimum 
corn oil aiiditioii'^ were 


dietary ener-y b-v.-l. 12 ami 
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of corn oil appeared too high, since birds placed on this diet 
consumed less feed and laid at a much reduced rate. On the 
other hand, the birds on the 12% corn oil level laid at a good 
rate (9 eggs/hird/14 days), their production being signifi- 

TABLE 2 

Egg product ion and feed consumption on a diet of free amino acids 


DAILY DOG rnODUCTION* DUHINO 14*DAV KSPEniMENTAL rmiOD 


NO. 

1 

2 

3 

4 

6 

G 

7 

8 

0 

10 

11 

12 

13 

14 

EGGS 

861 

X 

X 

X 











X 

4 

899 

X 

X 

X 


X 

X 

X 


X 

X 


s* 



9 

887 

X 

X 


X 

X 

X 




X 





6 

883 

X 


X 

X 

X 


X 

X 


X 

X 

X 

X 


10 

897 


X 

X 


X 


.T 

s 


X 

s 


X 

X 

9 

CO 

00 

X 

X 

X 


X 

X 



X 

X 

X 

X 

X 

X 

11 

865 

X 


X 

X 


X 

X 


X 

X 


X 

X 


9 

868 

X 

X 

X 


X 

X 









5 

880 

X 


X 

X 


X 

X 


X 


X 

X 

X 


9 

898 

X 


X 

X 

X 

X 


X 

X 


X 

X 


X 

10 





DAILY PEED CONSUMPTION (pui/dny) 





861 

G 

25 

30 

77 

83 

106 

93 

86 

84 

90 

86 

87 

S3 

85 

73 

899 

102 

87 

72 

75 

98 

98 

91 

101 

99 

77 

81 

78 

93 

86 

88 

887 

68 

59 

62 

92 

84 

61 

102 

76 

70 

66 

75 

83 

105 

81 

77 

883 

54 

75 

86 

86 

95 

107 

113 

93 

100 

100 

95 

78 100 

95 

91 

897 

56 

67 

34 

97 

109 

98 

100 

101 

97 

109 

100 

‘97 

129 

102 

93 

873 

48 

78 

105 

120 

101 

79 

142 

109 

118 

120 

113 

89 

88 

103 

101 

865 

65 

41 

73 

68 

100 

92 

77 

88 

62 

59 

74 

77 

63 

67 

72 

868 

31 

41 

55 

63 

31 

52 

57 

21 

27 

50 

60 

82 

61 

51 

49 

880 

0 

48 

72 

51 

117 

68 

136 

100 

51 

108 

96 

63 

122 

95 

80 

898 

55 

110 

108 

108 

107 

75 

108 

IIG 

94 

98 

98 

74 

88 

91 

95 


^ Soft shell egg. 


TABLE 3 

The effect of dietary amino acid a7id energy Unhaianccs on the nuinher of eggs laid 


NUMBER OP EGOS 
LAID BEFORE 
PRODUCTION CEASED 


NUMBER 
OP BIRDS 


DAYS BEFORE 
PRODUCTION CEASED 


1 

2 

3 

4 

5 

6 


4 

12 


20 

8 

1 

1 


1 - 2 » 
2-4 

4- G 

5- 7 
8 
9 


Range. 
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cantly greater (P < 0.05) than that of the birds on the 15^ 
corn oil diet. Basal diet E containing 12% corn oil 'R-as there- 
fore adopted as the basis of a ration which would contain a 
balance of amino acids suitable for the maintenance of egg 
production in a large proportion of the birds. 


TABLE 4 


CompoHtion of sMcecs.^ful free amino acid diet 

iKfir.KDinsT 


A3Ir^■0 ACIPS * 





Vc 

Com ftarcb 

55.91 

OL-alpha Alanine 

1.0 

Com oil 

12.00 

L-Argininc HCl 

1.3 

5-^ibcr 

3.00 

Ii-Aspartic acid 

0.5 

Mincrnl mix' 

5.34 

t/-Cvstine 

0.3 

Limr.^itonp 

2.50 

l4-Glutamic acid 

3.5 

Vitnrnin A, T> nnrl E 


Glvcinc 

1.0 

concentrate ' 

0.10 

L-IIistidine HCl 

0.6 

CJioIino CT 

0.10 

PL-Ifolcucinc 

2.0 

Vitamin mix' 

0.15 

L-Lcuc5nc 

1.4 

Aiifincid nd^orbnnt ' 

1.00 

L-Lv?inc nCl (95^) 

1.2 

Podium bicarbonate 

1.00 

riL'Mctbionine 

0.4 


Sl.lO 

nL-Phcnvlalnnino 

1.0 


l>Prolinc 

0,5 



iJLrScrinc 

1.0 



nvThrconinc 

1,0 



rtL-Trrptopbnn 

0.4 



l4-Tyro?:nc 

0.6 



My-V.alino 

1.2 




1^.9 


* J'or foiBpo’-itjori tnMo 1. 

hvi^rox'nlo-rr*r.j:r.r‘'iUTTi 

*Tj]r» firf^lnjnr rirji] ’tvrro porrro::‘Iv v'jpplic'l bt* Co. Ilnb* 

>Triy^ N, iti.-rirtlilonir.n obtnir.M throupli courtr^r of Pow Ctictiurnl 

>!irh. AH rth^r oriitio r.rl'I? were purc!’.rx>^‘l frorr. 

Ci^'vrl.'irvl. Ohio. 


SlU'li a ooinplt'to <\wi was <l<*volop*'^<I and is lisUal in 
•i. Typical results with this diot arc shown in table a. It am 
bo that bird STS, wliioh di.'-contintiod layiinr for S days, 
apl^arontly rt^nsuna d too little at the nnf-*t of :ho or- 

P‘ ri:n\-nt : n]»(»n adju-tini: to a normal fr*^d intaho i Tcodtio- 
t ioj) \»a‘' ^ hn*^, tlii'' i*; nd^'Otiate 
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for maintaining normal egg production in most hens, enabling 
one to study the qualitative and quantitative amino acid re- 
quirements of the laying hen. 

TABLE 6 


'Egg production and feed consumption on a diet of free amino acids 


ninD 

r*EPL,i- 

DAILY r.Go rnoDucTiON DUr.iNa i4-day r.^rmiMENTAL period 

TOTAL 

NO. 

CATE 

1 

o 

8 

4 5 0 

7 

8 9 

10 

11 

12 

13 

14 

EGGS 

857 


X 

X 

X 

X X 

X 

X 

X 

X 

B 



11 

874 

1 

X 



X X 


X X 


X 



X 

8 

908 

o 

X 


X 

X 

X 

X 

X 

X 



X 

8 

878 



X 

X 






X 


X 

4 





DAILY PEED CONSUMPTION (gnn/day) 





AV. 

857 


9G 

108 

100 

118 114 109 

102 

so 109 

101 

lOG 

99 

82 

85 

101 


1 













874 


49 

87 

94 

79 84 93 

89 

71 84 

80 

71 

G1 

Cl 

G5 

76 

908 


74 

7G 

87 

OG 117 131 

82 

113 9G 

120 

99 

73 

83 

110 

97 


2 













878 


23 

21 

27 

78 101 94 

118 

107 123 

122 

134 

118 

12G 

126 

94 


DISCUSSION 

The levels of amino acids used in this diet are not intended 
to represent the amino acid requirement of the laying hen; 
nor has an attempt been made to establish the most efficient 
levels of amino acids for egg production. Such data will be 
reported at a later time. Rather, the levels used in this diet 
represent only an acceptable balance of amino acids which 
■will maintain egg production. 

The level of lysine in particular is higher than the require- 
ment of 0.52% of the diet reported by Ingram et al. (’51)* 
Attempts to decrease the level below 0.91% (actual n-lysine) 
failed to maintain egg production. Calculations from practical 
diets would suggest that the requirement for L-lysine is not 
as great as the level used in this diet would indicate. This 
discrepancy requires further study to clarify the factors in- 
volved in the utilization of this amino acid. 
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Similarly, tlie isoleDcine level of this diet is liigher than the 
requirement for isoleucine as determined by Miller et al. 

( ’54) on a practical diet. 

5kIicrohiological assay of the lysine and isoleucine samples 
yielded correct analytical values which suggests that impur- 
ities are not involved in this problem. 

tVitli the development of a complete diet that would main- 
tain egg production, an attempt was made to evaluate the 
results obtained in the early studies. On repetition of these 
studies, with amino acids from a different source, it was found 
that the coma, necrotic liver, and also the ulcerative condi- 
tions were probably due to contamination in one or more 
amino acids. The possibility of heavy metal contamination 
and poisoning is suggested particularly by the liver condition. 

Despite the fact that amino acids from a particular source 
scorned to account also for the ulcerative condition, it was in- 
teresting to note that an antiacid adsorbent " continued to be 
a necessary constituent of the })rosonl diet. Attempts to elim- 
inate it from the diet resulted in early stoppage of feed con- 
sum])tiou and egg production. The beneficial effect of this 
product lies possibly in its magnesium content since "Wiscon- 
sin workers (lleinicke et ah. MG; Benton et ah, M5) have 
shown the im])ortanco of added magnesium in the utilization 
of amino acids for tlie growth of the guinea pig and a similar 
growth-promoting effect in chicks on free amino acid diets 
upon the addition of the ash from gelatin. 


fSodium bicarbonate was also necessary for the success of 
the di(‘t. The action of sodium hicarhonatc may be to neutra- 
lize the nCl radic.al on the basic amino acids, although Rose 
et al. {*50) have fomui in their human studies tliat neutra- 
lization of the acid grou)-* was not essential. Amitlmr action 
might be to bring the sodium-pota^-inm j'atio into more ae- 
Cl■I•^:lbb• balance. lleinicke ct nl. (*56) liave also demonstrated 
a b.’!!! ficin! effi ct from extra potav^iinm cinndem.-nta’.ion on 
ammo acM utilization iti tie' guinea tog. 
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Because of the high cost of tliis diet, only a relatively small 
number of animals could be employed in each experiment. 
Tliis has not been a serious handicap in this and the following 
studies since agreement among birds on the same treatment 
has generally been excellent. The two-week experimental 
period was chosen as sufficient time to demonstrate the ade- 
quacy of a diet to maintain egg production. As already dem- 
onstrated by Ingram et al. (’50a), hens receiving an incom- 
plete diet will stop production in a very short period. That 
this finding was not restricted to free amino acid diets is 
illustrated in table 6 showing the same poor perfoi’mance of 


TABLE 0 

Effect of amino acid-dcftcicnl protein diet on egg production 




EGO rEODUCTION' 

Dinn NO. 

TVPE or DIET 

Ko ndded 
loudno 

0.5^ ndded 
leucine 

882 

15% Drackett 




protein 

O 1 

5 ' 

885 

15% Drackett 




protein 

3^ 

8* 


* Stopped laying within 4-5 days. 

* Number of eggs laid in 10-day period after recovery from leucine-deficient 
period; wlien returned to practical diet, production continued. 


hens on a leucine-deficient soybean ® protein diet. Later 
studies (Johnson and Fisher, ’56) showed that birds could 
be continued on these amino acid diets for 30 days without 
any change in rate of production. 

In accordance with existing custom, the amino acid content 
of the diet has been given as a percentage of the total diet. 
Although this expression of the amino acid levels is adequate 
here, especially since the weight range of the birds was a very 
narrow one, it is entirely unsatisfactory for quantitative ex- 
pression. Energy requirement is proportional to a power of 
body weight; yet for maintenance purposes Rose and asso- 
ciates have never found any relationship between body weight 

*Drackett Assay. Protein. The Brackett Products Company, Cincinnati, Ohio. 
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or surface area and amino acid requirement. More important 
with regard to the hen, the amino acid requirements for a 
single egg are not dependent upon the body weight of the hen 
laying that egg but total feed consumption is dependent on 
body Aveight, Avhich again emphasizes the importance of a 
better expressioTi for the amino acid requirement than per- 
centage of the diet. Therefore, it is proposed that the amino 
acid requirement for egg production be expressed in grams 
per day. The body weight and Aveight of eggs produced in a 
giA'on length of time should be reported also to CA-aluate the 
etTcct of these factors on the total requirement. "Wlien enough 
data of this typo become aA'ailable in the future, the proper 
functions relating maintenance and production requirements 
can be formulated for each amino acid. This practice aaHI be 
adopted in the quantitative aspects of this study in this lab- 
oratory. 

Mention should be made of the “appetite’- or “taste” for 
the amino acid diets exliibited by the hens. It seems abund- 
antly clear that taste plays no important role in the consump- 
tion of those diets; nor does appetite appear to be anything 
hut a reflection of the adequacy of the dietary balance. In this 
respect one is reminded of a similar response by many species 
of animals to certain B-A*itamin deficiencies. 

Egg production provides a very sensitive measurement of 
tlie amino acid requirements of the laying hen. The deposi- 
tion of large (piantities of protein as avoII as of other nutrients 
r<*<piiros a delicate balance of many dietary factors. By means 
of the present diet these factors and their interrelationships 
may he sttidied critically using e'.rg production as the sensitiA-e 
criterion. 


llfvidi's the ohvitms application to the stmly of amino acid 
rc(juirement. the diet lends itself equally Avell to a svsteniatic 
•-ttidy ef tile hi-n’s requirement for other nutrients such as 
mi!i<Tal>-. vitamins, and nnidentified growth factors — a sub- 
.’•'ct which receiving much, onm at attention liv jw.nlirv 
nntTitii<ni".t‘.. In resjM'ct to mtitlentlfi.-,; factors reotjlred hv 
'.hr lu n.. .-. vrral h.en^ hnv.' h.- . n artit'eallv in-> ;ninn’.. d aft.--r 
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they had been on an amino acid diet for 4 ■w'eeks. Eighty- 
three per cent fertility was obtained on a total of 12 eggs and 
of the 10 fertilized eggs, 9 normal chicks wore hatched. Since 
it M’ould seem unlikely that any unknown factoi-s could be 
pi'esent in the free amino acid diets, the hen must either not 
require such factors for egg production and hatchability or 
else the bird has a sufficient store for at least a month. 

SUMMARY 

A free amino acid diet has been developed which was 
readily consumed in adequate amount bj' most hens with con- 
comitant maintenance of normal egg production. The factors 
found to be of greatest imijortance in the foi'mulation of this 
diet were the purity of amino acid source and the caloric level 
of the diet. In the latter respect, starch and 12% corn oil were 
used to maintain a high enorgj’' level with the amino acid 
mixture. Egg production provided an extremely sensitive 
criterion of amino acid requirement since on deficient diets 
production always ceased Avithin one Aveek. The usefulness 
of the free amino aeid diet in slxidAung amino acid require- 
ments as Avell as other nutrients is emphasized. 
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FOR EGG PRODUCTION ^ 
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PrpaTt7n(i\i of PouUnj Uvshandry, Jtuigcrs Vnivcrsiti/j X(W SrunsicicJ:, J’- 

(RffC'ivcfl for publication May 2S, 1950) 


Altlioiigh the essential amino acid requirement for growth 
and maintenance in several animal species including man 
(Rose, ’38; Almquist, ’52; Rose et al., ’55) has been the sub- 
ject of considerable study, little information is available on 
the amino acid requirement for productive purposes as ex- 
emplified by milk production in the dairy cow and egg pro- 
duction in the hen. By injecting carbon 14-labeled bicarbonate 
and acetate intravenously into dairy cows, Black et al. (’52) 
indirectly classified (hose amino acids which could not be 
synthesized by the lactaiing dairy cow. 

Lysine, methionine, tryptophan, leucine and isoleucine 
(Alinqnist, ’.52; Miller et al., ’54) have been .shown to be es- 
sential for egg production with the use of proteins deficient 
in one or more amino acids. The develojunent of a free amino 
acid diet (Fisher and Johnson. ’50) on which normal egc 
production could be maintained has made possible direct class- 
ification of all essi'iitial amino acids required for eg" pro- 
duction. 


KXIT.UIMKXTAl. AXn IMl'^n.TS 

Simrle Comb 'WJiite Leghorn hens from the universitv finek 
laying in clutches of two eggs or more were need in this studv. 


i: r 


t! . 




■t! -1 S'?;.', S’. 

T'rir/r’M; Nrrr D- of I*. 

X,.. nr;.r.’P>l.. p., J.-,.,;, •. i-, J... .. J.,, 

«'• O;,-.;- 1,.-...- Yr'.rr-'.-.-r. IXO-.-r', Ir-.. 2'!;^-,, X. V. 
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Details of procedure and source of amiuo acids employed have 
been desci'ibed previously (Fisher and Johnson, ’56). 

In the fiz’st experiment alanine, aspartic acid, cystine, gly- 
cine, proline and serine were simultaneously omitted from a 
mixture of IS amino acids (Fisher and Johnson, ’56). The 
nitrogen content of tliis diet in tlie first experiment and of 
all subsequent diets employed in the present study was stand- 
ardized at 2 % with the addition of ammonixzm citrate. The 
complete diet is shoxvn in table 1. In table 2 detailed egg 

TABLE 1 


Cotnposiiioji of complcic diet for maintenance of egg produciion 


AMIKO ACJDS 1 


nAFATi UIKT 


L*Arginine HCl 

% 

1.3 

Starch 

V. 

uS.-il 

L*Glutanue acid 

3.5 

Corn oil 

12.00 

L-Hislidinc HCl 

O.G 

Mineral mix ^ 

5.34 

Dii-Isoleucine 

2.0 

Fiber 

3.00 

li'Leucine 

1.4 

Limestone 

2.50 

L-Lysinc HCl (05%) 

1.2 

Dibasic ammonium citrate 

1.50 

DL'Methioninc 

0.8 

Antacid adsorbent - 

1.00 

DL-Phcnj'lalaninD 

1.0 

Sodium bicarbonate 

1.00 

DL-Threonine 

1.0 

Vitamin A, D, and E concentrate’ 

0.10 

DL-Tryptophan 

0.4 

Vitamin mix* 

0.15 

L-Tyrosine 

O.G 



DL- Valine 

1.2 




* Sources listed hy Fisher und Johnson (^50). 

* Composition given Fisher and Johiiiison (’50). 


production beyond the second week together with total pro- 
duction for a 30-day experimental period are given for three 
hens maintained on the modified diet and for one hen main- 
tained on the 18 amino acid diet. Although a two-week ex- 
perimental period had been shown previously to be fully satis- 
factory in determining the adequacy of free amino acid diets, 
it was felt necessary to demonstrate that birds could maintain 
production well beyond the two-week period. 

The results in table 2 clearly demonstrate (a) that alanine, 
aspartic acid, citrulline, cystine, glycine, hydroxyproline, pro- 
line and serine are not essential for egg production when the 
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nitrogen intake is held at 2% ; and (h) that hens -vvill continue 
in production during a 30-day-experimental period. 

Attempts to maintain egg production hy replacing tyrosine 
with higher levels of nn-phenylalanine (2.0, 2.5, and 3.0%) 
were unsuccessful. At levels of 1.6 and 2.0% of the n-isomer 
of phenylalanine in place of the racemic form (dl), one out of 
two birds at each level maintained good egg production (7 and 
8 cggs/l)ird/14 days, respectively) throughout the two-week 
experimental period. Despite the fact that tyrosine was only 
replaceable by phenylalanine ■ndtli difSculty, it must be con- 
sidered a non-essential amino acid (see discussion). 

TABLE : 

Maintenance of cpg x^roduction on free amino acid diets 
for a SO-day experimental period 


niriD 

yo. 


POO 

pon 

P05 




DATP OK nxrrr.iMEKT betokd 2 vrzzr.ft 
ir. 1C T? IS 19 20 21 22 23 2T 25 2C 27 28 29 

12 amino acifls in diet 

XX XX X XX 

X XX XX X XX X 

XX XI 

IS amino ncid? in diet 

X XX X X I X I 


20 


X 

X 


TOTAL EGO<t 

ron 20 


14 

20 

10 


15 


Tlie omission of glutamic acid from the amino acid mixture 
listed in table 1 did not interfere with ad libitum consumption 
of an adequate amount of feed (table 3). To date, however, 
no bird on a glutamic acid-free diet has maintained satis- 
factory egg jiroduction thromrhont the two-week experimental 
period: some hens sto])i>ed laying at the end of the first week 


:uul others maintained only a reduced rate of ])roduction 
(table ,■}). (llutamic acid juu^t therefore he classified as an 
acid for etrv ]iro>iueti<m (in tlie ])resence of 
the amiv,o acidis listeii in tabi<- 11 aceorijing to Rose’e (’3^) 
d< f::uiinu of an ecopatial ;i:nino arid. 

h’'-nae,-;d of ;iny or.t' of ;i:e’ ri mnini:;'.: 10 amiiin ;iciii-- (iistefi 
b>;owl fv(".n tlie 0.5. e. 5 tab'.' 11 n -'.'.’t. il i;-: imiTeeiiate di.--r’.:t>- 
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tion of feed consumption. Tliis observation demonstrates 
clearly the essentiality of each one of these amino acids. To 
obtain additional information regarding the effect on egg 
production of omitting these amino acids from the diet, the 
following experiment was designed: arginine, histidine, iso- 
leucine, leucine, Ij^sine, methionine, phenylalanine, threonine, 
tryptophan and valine were individually omitted from the 
otherwise complete diet (table 1). These diets were then 
force-fed to pairs of hens in adequate amounts during a 5-day 
period after which time the birds were returned to the prac- 


TADLE B 

Bgg ‘production and feed consumption on a ghtiamic acid-frec diet 


Dino 


DAI1.Y EGO rEODUCTION’ DUniN'O 14-DAV EXPEEIMEXTAI/ PEniOD 


TOTAL 

KO. 

1 

2 

3 

4 

5 

G 

7 8 

p 

10 

11 

12 

13 

14 

EGGS 

9C7 


X 

X 


X 


X 




X 


X 

6 

803 

X 

X 

X 




X 

X 




X 


0 

910 

X 


X 


X 

s* 








4 

874 

X 


X 

X 


X 








4 





DAILY FEED COKSUMPTIOX (fiTm/day) 




AV. 

907 

54 

54 

08 

94 

94 

115 

119 120 

lie 

111 

113 

71 

82 

85 

93 

863 

70 

60 

78 

104 

95 

81 

56 00 

50 

35 

24 

53 

42 

57 

62 

910 

88 

96 

106 

122 

120 

116 

77 103 

88 

117 

82 

95 

98 

100 

101 

847 

10 

24 

28 

91 

93 

135 

102 113 

97 

132 

91 

78 

71 

92 

S3 

















* Soft shell egg. 


tieal laying ration. The time interval between the last egg 
on the experimental diet and the first egg on the practical 
diet offered critical proof of dietary essentiality. The data 
from this experiment are shown in table 4. The average pause 
in egg production due to the omission of aji?/ one of the amino 
acids listed was 9.8 rt 1.40 days, while control hens continued 
laying throughout, vuth an average time interval (as explained 
above) of only 1.9 ±: 1.50 days. The difference between these 
means is highly significant with P < < 0.001. Therefore, the 
essential amino acids for egg production in the hen as de- 
termined in these studies are : arginine, glutamic acid, histi- 
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dine, isolencine, leucine, Ivsine, metMonine, plienvlalanine, 
threonine, tryptophan and valine. 

TABLE 4 


Effect on egg production of force-feeding for 5 days a diet from trTiich 
an wcnliol amino acid has heen omitted 



r-EPLlCA 

TZ 1 

nzmiCATE 2 

AMt?:o AcmoiriTTrn 

nf 

Pau*#* in 
production 

of 

Pan?#' in 
production 

Arpinir.c 

O I 

9 ’ 

O 1 

dr*ji 

12 = 

Histidine 

1 

11 

o 

10 

I^-oleiicino 

o 

10 

3 

10 

Lcticino 

o 

0 

3 

10 


o 

s 

3 

died * 

M<-t)iirniine 

r) 

4> 

9 

o 

p 

I'hrnylnlnninr -p ty rosin o 

4 

S 

o 

12 

Threonine 

o 

died * 

r> 

0 

Tryptophan 

O 

10 

1 

12 

Vn\in<' 

o 

11 

3 

7 

Average erp production, 

FCMMAr.Y 

Complete 

dict^ 

Ono nmino nc: 

:d omitted* 

per hen 

2.C ± 

0.49 

9.3 :t; 

0.71 

Avrrnpo prin*=o in 

prod nr lion, dny*^ 

1.9 :i: 

i.no 

9.S ± 

1.40 


* Wv\ tlurinj: o-dny experiment :il fee'll in p perio'^.. 

^ V:\yH from In*-! on rxpcrimmtal diet to fir?: c;::: nfter return t<> prnctienl 
<Vit t. 


on In«:t d.'ty of expt rli:.r!;trtl livrr r.rvi reprolurtive tm^'t nhnormnl. 

^ Av»'rr.j!e of 10 luri!*. 

' Arfr:<}:r of lurd* nberr* 


r- 


A oompuri^ou of tip* <'^sc*T\*ial atnuio wu\> for cirtr 

]»r(Mlui*tion with those rcqninMl f(*r frnv,vth and inaintonruic*’' 
tnnhoy it ov'uhdit that Wwy do itot difT^a- mnrheddy from those 
of th<* trrov/i’iy ehioh\ (h\ly udyolno, which \< <'S-N'ntial for 
navxirannt yrov*th, not os'-^ n/dal for ]*rrhlTn'‘t:r)n. Par- 
ti»'u!arly intore: t;ntr tho oho-rvati^n: th:it irhunmic acid r- 


* hv»v, r, no(’> 


r:dr:r'»r': retr j 


-:irv lor rn>:: o 


Ml i 


il 




i:as iKe-n 
• and ra.t== 
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(Almquisi and Gran, ’44; Aladdy and Elvelijem, ’49; Rose 
et al., ’48), Since glutamic acid is not required for maximum 
growth when the otlier non-essential amino acids are added 
to the 10 essential ones for the rat, Rose et al, (’48) classified 
glutamic acid as a dispensable amino acid, although it is con- 
sidered an essential component of diets containing only the 

10 essential amino acids. If glutamic acid is classified a dis- 
pensable amino acid, it necessitates providing other non- 
essential amino acids in the diet. In the present study using 

11 amino acids, glutamic acid must be considered an essential 
amino acid, although the possibility that it could be replaced 
with other amino acids considered non-essential is not dis- 
counted, 

DiflSculty was experienced in demonstrating the non-essen- 
tiality of tyrosine in the presence of increased levels of phenyl- 
alanine, The recent work of Armstrong (’55) which indicated 
very inefficient conversion of phenylalanine to tyrosine in 
the rat suggests that even higher levels of phenylalanine than 
have been tried in the present study would permit normal 
egg production in all hens. On the other hand, Benton et al, 
(’56) have shown that phenylalanine at high levels (ap- 
proached in this study when the vl form was used) acts as 
an antagonist towards other amino acids. Thus, the combina- 
tion of an inefiicient conversion and amino acid antagonism 
exhibited by phenylalanine may explain the present observa- 
tion. 

The remarkable uniformity in the egg production pause 
resulting from the omission of any one essential amino acid 
(glutamic acid was not included in this experiment ; however, 
see table 3) is similar to the uniform daily loss in body weight 
exhibited by chicks when fed diets lacking one of the essential 
amino acids (Almquist, ’47), This suggests that as for gimndh, 
the amino acid requirement for egg protein synthesis is an 
aggregate one in that all amino acids must be present simul- 
taneously. 

During the 5-day experimental period, hens on the control 
diet tended to lay slightly more eggs (table 4) than those 
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on a diet from wliich one of the essential amino acids were 
removed ; the difference, however, was not statistically signifi- 
cant. The remarkable nniformity in results on either the com- 
plete or incomplete diets supports the adequacy of short- 
period studios with free amino acids diets. The fact that hens 
are able to lay very few eggs on a deficient diet suggests that 
they have small protein stores which became rapidly depleted 
on a deficient diet. Egg formation thus offers a unique op- 
portunity for studying protein synthesis and amino acid turn- 
over ill vivo; it is hoped that knowledge of the essential amino 
acids required for this process as well as the availability of a 
free amino acid diet will enhance such studios in the future. 

SUMXLABV 

The classification of amino acids according to their essen- 
tiality for the laying hen has been studied by use of a free 
amino acid diet. Arginine, glutamic acid, histidine, isoleucine, 
leucine, lysine, methionine, phenylalanino, threonine, trypto- 
jilian and valine were found to be essential for egg production. 
^Vith the exception of glutamic acid, omission of any one of 
the above amino acids resulted in immediate disruption of 
feed consumption and a 10-day pause in production when such 
incomiilefe diets were force-fed for only Ti days. Althousli feed 
consumption was not affected by the omission of glutamic 
acid, normal etrir production could not be maintained. Tyro- 
sine could be reiilac(>(l by phenylalanine only with difiiculiv. 
Tile hen does not require "lyeine for egg production. This 
is in contra^;! to ihe need nf the growing chick for this amino 
acid. 
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FURTHER EVIDENCE ON THE REQUIREMENT OF 
THE CHICK FOR UNIDENTIFIED illNERALS ^ 


A. B. MOBKISOX, B, DA5I, L. C. XORRIS AXD :«t. L. SCOTT 
AffricuUural J^xpcrimcnt Station and Sciwol of Kvtrition, Cornell UniversiUj, 

Ithaca f Xevo Tot): 

(I^f-ceivc'l for publication Mnj 17, 1956) 


!Morrison, Scott and Norris (’o5) discovei'od that, -when a 
mixture of materials containing unidentified chick growth fac- 
tors is fed to chicks, a portion of the growth response obtained 
from them is due to a mineral constituent{s) of the mixture 
not previously reported to he required by animals. At ap- 
proximately the same time, Dannenhurg, Reid, Rozacky and 
Conch ('5")) found that the ash of corn distillers’ dried solu- 
bles promoted increased growth in chicks. The studies pre- 
sented in this report confirm and extend the original observa- 
tions made by those groui)s of investigators and indicate that 
the mineral (s) involved is concerned in bone formation. 


):xm:!;iM}:xTAT. 


The jmrified basal diet used in most experiments reported 
herein eantnined the following ingredients per 100 g-m: glu- 
cose,- 01.00 gm; purified isolated soybean protein,' 2.")..07 gin; 
hydrogenated fat,'* .Ogm; ground cellulose,* 3gm; ni>mothio- 
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nine, 0.7 gm ; glycine, 0.3 giii ; CaliPO^, 2.151 gm ; CaCOa, 
1.492 gm; KH.PO,, 0.8G7gm; NACl, O.Ggm; MgSO„ 0.25 gm; 
FeS04.7H.0, 0.0333 gm ; MnSO^.HnO, 0.0333 gm; KI, 0.26 mg; 
CuSO^.SHoO, 1.67 mg; ZnOP, 1.0 mg; CoCIo.GHjO, 0.17 mg; 
NaoMo04.2H20, 0.83 mg; choline Cl, 0.15 gm; inositol, 25.0 
mg; niacin, 5.0 mg; calcium pantothenate, 2.0 mg; a-toco- 
pheryl acetate, 2.0 mg; thiamine HCl, 1.0 mg; rihoflavin, 
1.0 mg; pyridoxine HCl, 0.45 mg; folic acid, 0.40 mg; mena- 
dione, 0.05 mg; biotin, 0.02 mg; vitamin Bjo, 2.0 Mg; vitamin A, 
500 I.U. ; vitamin D3, 37.5 1.C.U. The mineral compounds in the 
mineral mixture used in the first few experiments were i-eagent 
grade except the dicalcium ifiiosphate (CaHP04.2Ho0) and the 
calcium carbonate, which were U.S.P. grade. The quantity of 
dicalcium phosphate used in the mineral raixtui’e Avas adjusted 
for water of hydration. In all subsequent experiments reagent 
grade minerals were used exclusively. The isolated soybean 
protein Avas purified by repeated Avashings at its isoelectric 
point of pH 4.6. The supernatant liquid aa’Us decanted after 
each washing. The mineral content of the soybean protein Avas 
reduced from 2.8 to 1.3% by the purification process. In a 
fcAv studies purified casein plus the necessary essential amino 
acids, or a mixture of purified casein and purified isolated 
soybean protein, Avas used as the source of protein in the basal 
diet. The casein Avas purified by repeatedly Arasliing in a brine 
solution at pH 2.5, folloAved by seAmral Avashings at the iso- 
electric point of pH 4.7. The basal diet contained, by calcula- 
tion, adequate or excess quantities of the nutrients knoAvn 
to be required by the chick. 

All additions to the basal diet Avere made in such a Avay as 
to maintain the protein level constant at 20.5%. In experi- 
ments in AA’^hich the minerals of the unidentified groAvth factor 
supplements Avere added to the basal diet, substitution was 
made at the expense of glucose. The minerals were obtained 
by burning off much of the organic matter of the crude ma- 
terials in an evaporating dish, folloAved by incineration in a 
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muffle furnace at 525^0. for i hours. The inorganic residue 
then was cooled and brought to pH 7 with glacial acetic acid. 

Either Xew Hampshire X Barred PhTHouth Kock or 'White 
PhTnouth Rock chicks of hens fed diets which produce chicks 
deficient in unidentified growth factors, according to 'Waibel, 
Morrison and Xorris (’55), were used in most studies. In a 
few experiments, liowever, White Plymouth Rock chicks ob- 
tained from a commercial hatchery were used. The chicks 
Avcrc brooded in electrically heated, galvanized metal battery 
brooders with raised screen floors, and feed was supplied ad 
libitum. Distilled or demineralized water was supplied in 
metal watering pans sprayed \nth plastic paint, except in 
several of (he experiments conducted at the beginning of the 
investigation. The chicks were identified by mmibered wing 
bands at the start of the experiment and weighed individually 
at weekly intervals thereafter until they were 4 weeks of age, 
at which time most of the experiments were terminated. The 
quantity of food consumed by the chicks was recorded. 


Ki:sri,T.s AXi) Discrssiox 


In studies conducted to prove the adequacy of the basal diet 
in nutrients known to be necessary, it was found that the ad- 
dition of linoleic acid, increased quantities of all known es- 
sential amino acids, or all known essential vitamins, had no 
innuence on growth. Tlie addition to the basal diet of incre- 
ments of reagent grade magnesium sulfate failed to increase 
the rale of growth. In several oxj'ieriineuts. it was found tliat 
incH'nsed quantities of sodium or ]>olassinm. either alone or 
in combination, as the chloride or sulfate salts, did not irn- 
]irovo growth. Alteration of the calcium and ]>hos]diorns con- 
tent ot tile basal diet by the i'id(iiti(*Ti ot of dicalciutn 
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increase gi’owtli. Although raolybclenuin has been shown to 
he an integral part of certain enzyme systems, the results of 
two experiments shoAved that the addition of molybdenum to 
the basal diet failed to promote a growth increase. Edwards 
et al. (’55) were also unable to obtain any growth response 
from the addition of molybdenum to a i^urified chick diet 
similar to the diets used in the present studies. Inasmuch as 
Almquist and ilecchi (’40) had previously reported gi’owth 
stimulation in ehicks from sodium acetate, and because glacial 
acetic acid Avas used to neutralize the ignited materials, 0.20% 
sodium acetate Avas added to the basal diet, but this failed to 
improAm groAvth. Since ilachlin (’55) found that under certain 
conditions sulfate i^er sc stimulated the groAvth of chicks, 
0.17% sulfate Avas added to the basal diet, but it failed to 
influence the rate of gain. 

Although it AAms not possible to increase chick growth by 
increasing the amounts of the essential nutrients in the basal 
diet, it AA'as found, in confirmation of preAuous Avork from this 
laboratory, that the addition to the basal diet of 18% of a 
mixture of 5 unidentified groAvth factor supplements consist- 
ing of 6 parts of corn distillers’ dried solubles, 3 parts of 
fish solubles, 3 parts of dried AA’hey product, 3 parts of forage 
juice, and 3 parts of penicillin mycelitun meal elicited a highly 
significant (P < 0.01 by analysis of variance) groAvth response 
at 4 Aveeks of age. The combined results of a number of ex- 
periments are given in table 1. Chicks fed the basal diet sup- 
plemented AA'ith 5 soui'ces of unidentified groAvth factors greAA' 
for the most part as rapidly, and frequently more rapidly, 
than those fed a good quality commercial chick ration. 

The results further shoA\md that a considei’able portion of 
the groAvth response produced by the addition to the basal 
diet of sources of unidentified groAvth factors is due to an 
unlmown mineral nutrient or nutrients contained in them, 
since a highly significant (P < 0.01 ) groAvth response was also 
obtained from the inorganic i^ortion of the crude materials. 
In addition to stimulating groAvth, the mixture of 5 unidenti- 
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fied growth factor supplements, or its ash, produced a highly 
significant (P < 0.01) increase in efficiency of feed utilization. 

In other experiments, the results of which are also presented 
in table 1, the addition to the basal diet of 6fc of a composite 
sample of corn distillers’ dried solubles, or the minerals sup- 
plied hy 6% distillers’ dried solubles, promoted highly sig- 
nificant (P < 0.01) growth increases at 4 weeks of age. The 
efficiency of feed utilization was also increased. 


TABLE 1 

J'xuhncf: of on ntifrd viinrralffi) rrqmrcd for chid: fjroicih 
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A liiglily significant difTereneo (P < 0.03 ) between the 
growth response promoted by tlie 5 unidentified factor sources 
and that obtained from the ash of these materials was ob- 
served in the experimental work sununarized in table 1. In 
later work, the results of which are presented in table 2, larger 
quantities of ash than those usually fed, prepared either from 
5 unidentified growth factor supplements or 3 unidentified 
growth factor supplements (6 parts of corn distillers’ dried 


TABLE 2 

Differentiation of vnidcniifirci orffanxe and inorffanic chicJ: (growth factors 


Tr.r.VTMKNT 

AV. WT. 

•i AVKK. 

GAIX OVKB 
pASAli 


|7m 



Exprrijnc7its U'iih Vf\S * u . n // 


Basal 

2S7 (4) ’ 


+ 1.20 or 2 . 07 r ash* 

.323 (-1) 

14,5 

1.80 or 3.0% ash 

323 (4) 

14.5 

4- 3 UFS 

382 (2) 

38.2 


Experiments u'ith VDS * ash 


Basal 

305 (4) 


4- 0.00% ash 

352 (3) 

17.7 

0.75 or 0.85% asli 

347 (3) 

15.8 

4- 5 UFS 

408 (3) 

3S.9 


* UFS = mixture unidciitificd f net or sup] >1 emeu ts. 

* Xumbor of lots of 20 cl»k*l\s each. 

‘Smaller quantity of ash from mixture of 3 UFS; larger quantity from mix- 
ture of 5 UFS. 

* UPS = distillers ’ dried solubles. 

solubles, 3 parts of fish solubles and 3 parts of dried whey 
product) did not further stimulate growth. On the other hand, 
the intact unidentified growth factor supplements significantly 
(P < 0.01) increased the growth of chicks over that obtained 
with the ash. Larger quantities of the ash of distillers’ dx'ied 
solubles also failed to increase chick growth above the I’C- 
sponses obtained from the amount usually supplied. In 
contrast the growth of the chicks supplied the 5 unidenti- 
fied growth factors supplements was significantly (P < 0.01) 
greater than that obtained with the ash of the distiller’s 
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dried solubles. Therefore, the results shoived that an uniden- 
tified organic factor(s), as ivell as an unidentified, inorganic 
essential (s), is required for maximum chick growth. 

Although our data suggest the existence of an umdentified 
organic growth factor (s) in distillers’ dried solubles, there 
was no statistically significant difference between the growth 
response obtained from the intact solubles and that obtained 
from tlie ash. However, our failure to show a significant re- 
sponse from the organic factor in distillers’ dried solubles 
may have been due to a deficiency of the organic factor(s) 
present in the other materials in the mixture of 5 unidentified 
factor supplements. Xovak and Hauge ( ’4Sa, b) and Daimen- 
burg ei al. (’o.o) have obtained evidence that corn distillers’ 
dried solubles contains an unidentified organic factor (s). 

That the distribution of the unidentified inorganic essen- 
tials) may be widespread is suggested by the fact that chick 
growth responses from diets believed to be adequate in the 
known nutrients have been obtained from the minerals of 
dried whey (Couch et ah, ’55), fish meal (Tamimie, ’55), 
feather meal (}denge et ah, ’56), and gelatin (Benton et al., 
’55). The minerals of fish solubles were also found to promote 
an increase in growth at this laboratory. 


Carcass analysis studios showed that the additional gain 
ohserved in chicks fed the basal diet supplemented with the 
ash of 5 nni<lentificd growth factor supplements was not due 
to incroased water retention. The percentages of moisture, 
]irotein. ether extract, and ash in the carcasses of chicks fed 
the basal diet were found to be 71.93. 17.G1, 7..32 and 2.S0 
rcspectivf'ly. The corresponding values for the cliicks fed the 
basal diet plu^; the a‘^h of 5 unidentified factor sources were 
73.1.'', 17.76, ,'(.<3 and 2.77fr respectively. 
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diet plus 5 unidentified growth factor supplements, or the ash 
of these 5 supplements, was only 2% and 1 % respectively. 

In further studies the percentage ash (45.07%) in the dry 
fat-free tibiotarsae of chicks fed the basal diet was found to be 
significantly loAver (P < 0.02) than that (47.30%) of chicks 
of equal weight fed the basal diet plus the ash of 5 unidentified 
growth factor supplements. Althougli the tibiotarsae of chicks 
fed the basal diet were slighth* shorter than those of chicks 
of equal weight fed the basal diet plus the ash of 5 unidenti- 
fied growth factor supplements, the difference was not found 
to be statistically significant. The breaking strength (5.99 kg) 
of the tibiotarsae of chicks receiving the ash was greater 
(P < 0.10) than that (5.43 kg) of chicks receiving the basal 
diet. These results are similar to tliose reported by Caskey, 
Gallup and Norris (’39) on the effect of manganese deficiency 
on bone development. However, in the present studies, addi- 
tional manganese had no effect upon growth or incidence of 
leg malformation, and slipped tendon, or perosis, has been 
only rarely observed. 

Studies on the blood of chicks receiving the basal diet or 
the basal diet supplemented with tlie ash of 5 unidentified 
growth factor supplements showed that the ash had no effect 
on the amount of hemoglobin, volume of red cells or red cell 
count. At 4 weeks of age, the results of these determinations 
on the blood of chicks fed the basal diet were 9.5 gm%, 26% 
and 2.06 million/mm’’, respectively. The corresponding values 
for chicks fed the basal diet plus the ash of 5 unidentified 
growth factor supplements were 9.8 gm%, 26% and 2.13 
million/mm®, respectively. 

Attempts to increase chick growth by feeding a mixture 
of reagent grade minerals which was prepared in the pro- 
portions indicated by the spectrographic analysis of the ash 
of distillers’ dried solubles failed to promote increased growth, 
in contrast to the finding of Beid, Eozaclty and Couch (’55). 
The spectrographic analysis of the ash of distillers’ dried 
solubles reported by Couch and associates (’55) and that ob- 
tained through the courtesy of James McGinnis of the State 
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College of 'Waslimgton were -asGcl in formulating tlie mixture 
of reagent grade minerals. The reconstituted mineral mixture 
contributed the follovring elements to the diet in parts per 
million: Al, 3.0; B, 1.8; Ba, 0.48; Ca, 60.0; Cr, 0.036; Cu, 9.6; 
Fe, 60.0; Pb, 0.12; Ug, 120.0; Mn, 3.0; Mo, 0.13; Ni, 0.12; P, 
180.0 ; K, 180.0 ; Si, 60.0 ; Ag, 0.024 ; Na, 180.0 ; Sr, 120 ; Ti, 0.24 ; 
V, 0.1 2 ; Zn, 3.0. The results of growth studies conducted on this 
phase of the problem are given in table 3. The discrepancy 
in the results obtained by the two groups of workers may pos- 

TABLE C 

Effect of fiinilicUc Tnir.rrol mixturcfr on chid: groirth 
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barium, beryllium, bismuth, boron, bromine, cadmium, cerium, 
cesium, chromium, cobalt, fluorine, indium, iridium, lead, li- 
thium, mercury, nielcel, platinum, rhodium, rubidium, ru- 
thenium, selenium, silicon, silver, strontium, tantalum, tel- 
lurium, thorium, tin, titanium, tungsten, vanadium, yttrium or 
zirconium, did not influence growth at the levels used. These 
included the mineral elements not known to be required in 
animal nutrition which are present in the salt solution of 


TABLE 4 

Jtcsult/j of studies on isolation of 'unidentified v\ineral(s) in the ash 


TREATMENT 
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•1 WKS, 

OAIK OVEP. 
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285' 


4* ash 5 DPS - 
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13.7 

4 water soluble portion 
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6.7 

4 water insoluble portion 
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16.8 
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cation exclianpcr elutrient 


Basal 
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4- ash 3 BFS » 

347 

8.1 

4- IR'120 * effluent of ash 

311 

— 3.1 

-f IR-120 elutrient of nsh 

351 

9.3 


'Average duplicate lots of 20 chicks per treatment. 

' UFS = mixture unidentified factor supplements. 

* Distillers ' dried solubles, C parts ; fish solubles, 3 parts ; dried “vrhey product, 
3 parts* 

^Amberlite resin rR-120, Rohm and Ilaas Company. 

Hoagland and Snyder (’33). Many of the above elements 
have also been tested for biological activity by Dannenburg 
et al. (’55) and Beid, Bozaclcy and Couch (’55) with results 
similar to those obtained by us. 

In fractionation studies, the results of which are given in 
table 4, evidence was obtained that the active component(s) 
in the ash of the mixture of 5 unidentified growth factor sup- 
plements is present in that portion insoluble in boiling water. 
The ash was treated with 5 volumes of boiling water for 30 
minutes, filtered, and the insoluble residue again extracted 
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Avitli an additional 5 volumes of boiling water for 30 minutes. 
Under these conditions, it was found that approximately 35% 
of the ash was water soluble. In a further experiment, the 
ash was prepared by a wet-asliing procedure, wherein the 
crude unidentified growth factor supplements were digested 
with concentrated nitric acid. The results indicated that ash 
prepared by this procedure was fully as active biologically 
as ash prepared by the usual incineration procedure. 

In an additional study, the ash was prepared by the wet- 
ashing procedure, dissolved in nitric acid at pH 2.35, and 
passed through a strong cation exchanger in the hydrogen 
form. The cations retained on the column were eluted with 
10% nitric acid. The elutrient and effluent were concentrated, 
netitralized, and added to the basal diet. The results of the 
experiment are given in table 4. They indicated that the 
growth-promoting effect of the ash is due to a cation (s) since 
the increased growth obtained with the cationic fraction was 
highly significant (P < 0.01). 

Studies liavo also l)een conducted to determine if the effect 
of the unidentified minerals in the ash of unidentified growth 
factor sui)plements is a direct one or mediated through the 
microflora of Die intestinal tract. Tlie results of the work re- 
vealed no consistent effect of the ash on the numbers of 
aerobes, anaerobes, coliforms, lactobacilli, streptococci or 
Clostridia in (‘ither tlie entire intestinal tract or sections of it. 
The ash, furthermore, exerted no effect on the pH of the in- 
testinal tr.act. The i-esults suggested, therefore, that the pri- 
mary offec't of the ash is (*xerted dirt'ctly upon tin* tissues of 
the chick rather than indirectly through effects on the in- 
t''stinal microflora. 


sr.v M.\]:v 

In furllier work on unideiilitied chick growth factnr- n 
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minerals, imeviously reported to be needed by animals. No 
evidence of an imbalance was obtained in the studies on re- 
quired minerals. As a consequence it has been found, in con- 
firmation of previous reports by this laboratory, that when 
a mixture of unidentified growth factor supplements is fed 
to chicks the growth response which is observed is due to the 
presence in the materials of both unidentified organic and in- 
organic constituents. The results of the investigation showed, 
therefore, that a mineral or minerals not hitherto considered 
to be essential in the nutrition of the chick is present in the 
mineral portion or ash of certain crude feedstufts. The un- 
identified mineral (s) was found to be involved in bone forma- 
tion. Evidence was also obtained wliich indicated that the 
unlalo^vn mineral nutrient(s) is present in the boiling water- 
insoluble fraction of the ash of the mixture of unidentified 
factor supplements, and that it is cationic in acid solution. No 
consistent elfect of the ash on the intestinal microflora of the 
clucks or the pH of the intestinal contents was observed. 
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Provions studies have emphasized tiie variable responses of 
different lyi)es of tumors to the diet of the host, one of the 
most intoresting responses l)eing associated vith the kind 
and quantity of dietary protein (]Mider, ’51; Le Page et al, 
'52; Tannebaum and Silverstone, ‘53: Babsom '54: Babson 
and Winnick, ’54; Greenlees and Le Page, ’55). These authors 
and others liave presented data that can be interpreted to 
mean tliat some tumors deplete tiie body of labile protein 
stores more tlian others, the depleting etTect of a growing 
neoplasm varying with the size and nature of the tumor. 
Biierninu et al. ( '50) suggested, for e.vample, that the "Walker 
careiiioma 250 in rats depleted these stores after the tumor 
h.'id become Kg,' of the total body weight. 

Recf'ut reports from our laboratories have emphasized the 
effect of dietary ]irotein ujkui tumor-host ititerrelaf ionshi 5 >s 
aiii] upon the resiionse of tumor and normal tissues to ehemo- 
tlmr.-ijiy with tlie ethyh>n>‘plio.v.jilioramides f Allison e! ah. 
*.5!. '.*>5. '.'lb: Met'oy et .nl.. '5b). .‘Studies involvin': :i tratic. 
j'h’iuted sarcoma in the rat. for e.vainple. demonstrated that 
:ilthoU';h tile '..’Towth of this r,< opla>;',!l V n^ no) e:isiiv aneeter) 
by <]i< ;,'iry proteiu, it develop. mo-t r.apidiv in ;inin;a!s feri 
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with methionine or still better with methionine plus guanido- 
acetic acid favored the growth of normal tissues and, if 
the growth of these tissues was maximum, the development of 
the tumor was depressed. The favorable response to chemo- 
therapy was also maximum under these conditions of optimum 
development of normal tissues (Allison et ah, ’55; Allison, 
’56). The Walker carcinoma 256 was another tumor that 
grew rapidly at the expense of normal tissues and was 
resistant to ethylenephosphoi'amide therapy. The Flexner- 
Jobling carcinoma, on the other hand, under the conditions 
of our experiments was most susceptible to this type of 
therapy, the majority of the tumors completely regressing 
(Crossley et al, ’53) and they seemed to he affected more than 
the other two tumors by the kind and amount of protein in 
the diet (Babson, ’54). 

The following experiments were done, therefore, to further 
characterize these three tumors according to the effect of 
dietary protein upon their development in the host, hoping 
thereby to derive a better basis for evaluating the effects of 
vai’ious drugs and diets upon protein metabolism in the 
tumor and in the host. 


METHODS 

The semi-synthetic diet and the methods of transplanting 
and measuring the development and growth of the tumor were 
described previously (Allison et al., ’54). Three different 
tumors were used in these studies, the Sarcoma E-1, the 
Wallcer carcinoma 256, each transplanted into male Wistar 
rats, and the Flexner-Jobling carcinoma transplanted into 
male Sprague-Dawley rats. Ten rats containing one type of 
tumor were placed on each diet at the time of transplantation. 
The groups were pair-fed the diet containing different pro- 
teins, wheat gluten, casein, beef, and egg albumin. These 
proteins were of the same type or source reported in previous 
studies from our laboratory (Allison, ’55), the protein form- 
ing 12% of the dry diet. The effects on the gi'owth of the 
tumor and body of supplementing casein with 0.7 % methionine 
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were studied also, using techniques described previously (Al- 
lison et al., ’54). Similarly groups were fed the 12% casein 
diet supplemented with mixtures of 0.7% methionine plus 
0.7% guanidoacetic acid, 0.7% methionine plus 1.28% glycine, 
and 0.7% methionine plus 1.95% ammonium citrate (Allison 
et al., ’56). The tumors were allowed to develop to average 
approximately 17 to 20 gm in rats fed the egg albumin, tumor 
sizes which approached lethal proportions in animals fed the 
12% casein diet. To develop tumors of this size required 
three weeks in rats bearing the Sarcoma R-1, 11 days in rats 
with the IValker carcinoma 256 and 28 days in the Sprague- 
Dawloy rats with the rioxner-.Tobling carcinoma. Tumors 
one gram or less in size at the end of the experimental period 
were considered as not taking. 
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TJie protein cfliciencio.s (grams gained per gram of nitrogen 
intake) for normal and sarcoma-boaring rats are illustrated 
in figure 1. The white bars record the protein efficiencies 
for groups of normal rats, pair-fed isocaloric diets containing 
equivalent amounts of wheat gluten, casein, beef, or egg 
all)umin. These protein efuciencios agree well with those 
determined jiroviously in rats and they illustrate the relative 
nutritive values of these proteins for growth of the soft tissues 
of most animals (Allison. ’55). The black bars record the 
i:ain in weight of the body per gram of nitrogen intake in 
sarcoma-bearing rats. This gain, calculated by subtrnctin*.: 
the weiglu of the tumor from tlie total Wi-ight of the lumf»r- 
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in the diet (table 1). These results are in agreement with 
other data obtained using this sarcoma, data which demon- 
strated the sarcoma developed slower in animals where normal 
tissues developed maximally (Allison et ah, ’56). The rate 
of growth of the body Avilh respect to tumor Avas loAA'est 



Fig. 1 Protein efficiencies (grams gained in woiglit per gram nitrogen intake) 
in normal rats (ndiitc bars), body of sarcoma-bearing rats (black bars), and 
whole sarcoma-bearing rats (bars with slanted lines), the rats being pair fed 
different proteins — wheat gluten, W; casein, C; beef, B; and egg albumin, E. 


(0.5) in animals fed AAdioat gluten, intermediate (1.6) in 
those fed casein or beef and highest (3.4) in sarcoma- 
bearing rats fed egg albumin (table 1). Previous experience 
has demonstrated that the Avelfare of the animal, together 
Avith resistance to therapeutic stress, increased as the ratio 
increased (Allison et ah, ’54, ’55, ’56). 
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Feeding these same diets to rats bearing the Walker car- 
cinoma 256 resulted in tumor growth and body weight gains 
similar to those found for the sarcoma-bearing animals (table 
1). The Walker tumor, for example, was slightly but sig- 
nificantly smaller in rats fed albumin tiian in those fed 
casein. The rate of gain of the body with respect to the tumor 
was very low (0.1) in animals fed wheat gluten, was inter- 
mediate in animals fed casein or beef (lA to 1.7) and was 
highest (2.5) in tumor-bearing rats fed egg albumin. 

The data recorded in table 1 demonstrate, on the other 
hand, that the Flexner-Jobling carcinoma responded as did the 
body to the type of protein in the diet, growing poorly in rats 
fed wheat gluten and most rapidly in animals fed egg albumin. 
The results suggest that this carcinoma did not grow at the ex- 
pense of normal tissues as much as the other two neoplasms, 
a suggestion which is supported by the high body weight 
gain/tumor ratios in animals fed beef, casein, and egg proteins. 
The larger carcinoma in the animals fed egg albumin may 
have had a sufficient depleting effect to keep the ratios from 
increasing above those found for casein and beef, an increase 
that would be expected on the basis of relative protein ef- 
ficiencies. These results using the three types of tumors 
demonstrate that, under the experimental conditions used here, 
the Flexner-Jobling carcinoma is affected more by the protein 
in the diet than are the sarcoma or the Wallcer neoplasm. 
Possibly tumors vary as do different normal tissues in their 
interrelationship with the body metabolic pools. In animals 
fed a protein-free diet, for example, some tissue proteins 
are depleted more than others and some are not depleted at all 
(Allison, ’55). It may be significant that the ethylenephos- 
phoramides, which seem to have some inhibiting effect upon 
protein anabolism (Allison et al., ’54; McCoy et ah, ’56), are 
much more effective in reducing the growth and causing the 
regression of the Flexner-Jobling carcinoma than the other 
two types of tumors. 

Increase in liver protein has been used as a measure of 
nutritive value of the dietary protein (Addis et ah, ’36; Kos- 
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terlitz and Campbell, •45-''46; Harrison and Long, ’45) • Total 
liver protein "was lowest in normal or sarcoma-bearing animals 
fed wlieat gluten and liigbest in those fed egg albumin, data 
illustrated in figure 2. The relatively higher liver protein, 
however, in the tumor-bearing animals than in the controls 
has been observed by others (Yeakel and Tobias, ’51; Le 
Page et al., ’52; Babson, ’54). Such an increase in liver 



no r m oi t u rr. o r n c r rr. o ; 1 ‘j rr. o r 

I’ijT 2 Tolftl liwr protfhi ninl f:;l ii\ r.orrriM zir.Ci rnt? fr-l 

V.j.rnt W; C; br. f, B; nlViimir, B. Tl.- ftr.nlnra rrrers 

of t!}f' nvrrnpf' Itv iV,c lir.r5 *V.ro‘j;^h t-'' Vrir?, 


wiih llin Inirlj rntal^olic nctivitv of 
tljo tninrir-bcaritifr anitiial when \\w tuiViOr ha? ri'aciiod 
jBf: mid h-thal j»rnportian? (Allison ot ah, Tid). Tiic* ?riircr*'‘?tiou 
hn^ Wi'W BBuh' WvM livor idlroi:**n at a tiino wh* :i 

x\\\< oriraa is iavoha d in roi>iTiL' wiXh sjait iirodn^-'ts frorn 
lan.ro n»rrolio tninors (Sh» rinan (\ rih, ’aM), rirr-rnh .--; ntal I..* 


a- 


I'a’.a' \ ‘oTA didt tiot uh--<TV» 

Mt'.i'** Wanin' !n vit i aa tirnt* 

'*t tora! 1*1. •'.t’L'ht, avd’ \ vi 


n.vor.- ir. lla-ir ^indih-. 
r, 7 r o.-r.^ 



304 


J. B. ALLISON AND OXHEBS 


should be negligible.” The suggestion has been made also 
that the sarcoma growing at the expense of normal tissues, 
created an overall amino acid imbalance in the animal (Al- 
lison, ’55), thereby increasing both total liver protein and liver 
fat. 

The higher liver fat in the normal animals fed wheat gluten 
is a common response to this deficient diet. The relatively 
higher liver fat in the tumor-bearing animals possibly is 
correlated with the formation and transport of lipid and 
lipoprotein in the presence of the large tumor. A marked 
liperaia developed in the sarcoma-bearing animals fed 12% 
casein, a diet which seemed to be optimum for the development 
of this tumor (see also Mider, ’51). The addition of methio- 
nine to the diet reduced the lipemia and also slowed the 
development of the tumor (Allison et ah, ’54, ’56). 

Data have been presented to show that supplementation of 
the casein diet with an optimum amount of DL-methionine, 
or still better with a mixture of DL-melhionine and guanido- 
acetic acid, improved the growth of normal tissues in the 
sarcoma-bearing rats (Allison et ah, ’56). Under these con- 
ditions, as with the improved growth of normal tissues in 
animals fed egg albumin, the sarcoma developed most slowly. 
Similarly the Walker carcinoma 256 developed more slowly 
and the normal tissues grew more rapidly in tumor-bearing 
animals fed casein supplemented with 0.7% DL-methionine 
than in rats fed unsupplemented casein. Adding glycine or 
ammonium citrate in equivalent amounts of nitrogen did not 
change significantly the supplementing elfect of methionine. 
Adding 0.7% guanidoacetic acid with the 0.7% DL-methionine, 
however, reduced the size of the tumor significantly and 
inci’eased the body gain/tumor ratio markedly (see figuxtJ 
3). This effect of a mixture of methionine and guanido- 
acetic acid was most evident when the tumor became suf- 
ficiently large to produce a marked depleting effect, at a 
time when the catabolic activity as measured by urea nitrogen 
excretion was relatively high (see Allison et al., ’56). The 
urea nitrogen excretion, for example, in these animals 11 
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days after transplantation of the tumor, -when the excretion 
of urea would have been relatively low in a depleted rat 
(Allison et ah, ’56) was as follows: tumor-bearing rats fed 
12% casein, 21 mg. ; animals fed casein supplemented with 
methionine, 19.5 mg; those fed casein supplemented with 
methionine plus glycine, 30 mg; those fed methionine plus 
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Avlien a marked stress ivas being placed upon the animal. 
No reduction in the growth of the Flexner-Jobling carcinoma 
nor increase in the already relatively large body weight gain/ 
tumor ratio was observed when rats were fed casein supple- 
mented with either methionine or a mbeture of methionine 
and guanidoacetic acid. Bather, supplementation of this type 
tended to improve the growth of the tumor slightly, as was 
the case in Flexner-Jobling carcinoma-bearing animals fed 
a protein of high nutritive value such as egg albumin. 

SUMHARY 

The effects of dietary protein upon the development of 
three types of transplanted tumors were studied in the rat. 
A sarcoma developed at essentially the same rate in rats 
fed diets containing wheat gluten, casein or beef but was 
slightly depressed in animals fed egg albumin. The bodies of 
the rats, however, developed according to the nutritive value 
of the protein, growing poorly in animals fed wheat gluten and 
at a maximum in those fed egg albumin. During the terminal 
stages the sarcoma increased catabolism and depleted normal 
tissues but increased relatively the liver protein and liver 
fat above pair fed controls. Similar effects on tumor and 
body growth were observed in rats bearing the Walker car- 
cinoma 256. The development of the Flexner-Jobling car- 
cinoma, on the other hand, ivas very poor in animals fed 
wheat gluten and maximum in rats fed egg albumin, a re- 
sponse that was more like the body tissues. Supplementation 
of the casein diet with methionine or methionine plus guanido- 
acetic acid had beneficial effects upon the development of 
normal tissues in the presence of the sarcoma or Walker 
carcinoma 256, but was much less beneficial in the presence 
of the Flexner-Jobling carcinoma. The suggestion was made 
that tumors may vary as do normal tissues in their inter- 
relationships to body metabolic pools, some tissue proteins 
being depleted more than others, some not at all in the 
presence of inadequate amino acid intake. A possible cor- 
relation between protein anabolic, catabolic influence of these 
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tumors and tlie effects of etliTlenepliosphoramides -^vas also 
suggested. 
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BOEDEN AWAKD IN NETEITION 


Nominations are solicited for the 1957 Award and a gold 
medal made available by the Borden Company Foundation, 
Inc. The American Institute of Nutrition ^vill make this award 
in recognition of distinctive research by investigators in the 
United Slates and Canada which has emphasized the nutritive 
significance of the components of milk or of dairy products. 
Tlie award will he made primarily for the publication of 
specific papers during the previous calendar year, hut the 
Jury of Award may recommend that it he given for important 
contributions made over a more extended period of time not 
necessarily including the previous calendar year. The award 
is usually given to one person, but if in their judgment cir- 
cumstances and justice so dictate, the Jury of Award may 
recommend that it be divided between two or more collabo- 
rators in a given research. The Jury may also recommend 
that the award be omitted in any given year if in its opinion 
the work submitted does not warrant the award. Membership 
in the American Institute of Nutrition is not a requisite of 
eligibility for the award. Employees of the Borden Company 
nr<> not eligible for this honor. 

Nominations may be made by anyone. The following in- 
formation must be submitted: Name of the Award for wliich 
candidate is ]iropnsed and as convincing a stat<‘ment as pos- 
sible as to the basis of the nomination (this may include n 
pertinent bibliography but reprints are not required). Firv 
copirs of all docninents, including seconding statements. mu=t 
be sent to the Chairman of the Nominating Committee before 
Janmiry 1. IP.'i?, to be considered for the IP.')! Award 
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OSBORNE AND l^IENDEL AWARD 


Nominations are invited for tlie Osborne and Mendel Award 
of $1000.00 established by the Nutrition Foundation, Inc., for 
the recognition of outstanding accomplishments in the general 
field of exploratory research in the science of nutrition. It 
shall be given to the investigator who, in the opinion of a 
Jury of Award, has made the most significant published con- 
tribution in the year preceding the annual meeting of the 
Institute, or who has published a series of contemporary 
papers of outstanding significance. 

The Award ■will be presented at the annual meeting of the 
American Institute of Nutrition. 

The recipient will be chosen by a Jury of Award of the 
American Institute of Nutrition. As a general policy, the 
Award will be made to one person. If, in the judgment of the 
Jury of Award, an injustice 'would otherwise be done, it may 
be divided among two or more persons. Normally preference 
will be given to research workers in the United States and 
Canada, but investigators in other countries, especially those 
sojourning in the United States or Canada for a period of 
time, are not excluded from consideration. Membership in 
the Institute of Nutrition is not a requirement for eligibility 
and there is no limitation as to age. 

Nominations may be made by anyone. The following in- 
formation must be submitted: Name of the Award for which 
candidate is proposed and as convincing a statement as pos- 
sible as to the basis of the nomination (this may include a 
pertinent bibliography but reprints are not required). Five 
copies of all documents, including seconding statements, must 
be sent to the Chairman of the Nominating Committee before 
January 1, 1957, to be considered for the 1957 Award. 


Chairman, Nomiyiaiing Committee: 
R. V. Boucher 

Agricultural and Biological Chemistry 
'Pennsylvania State Vniversity 
University Parle, Pennsylvania 
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FOREWORD 

Concerning Sitpplonents to 
The Journal of Nutrition 

To meet the need for imblication of meri- 
torious hut unusually long manuscripts 
the Journal of Nutrition instituted in 
.\pril inSfr tlie policy of publishing such 
])a]n'rs iu the form of supplements to regu- 
lar issues. Tlic authors provide the full 
cost of such imbrication. For a more com- 
jilcto statement regarding this policy see 
volume .")2. Su})plement 1. April, ]P54. 


Dr.nr.i'.r. R. Cov.t.iu,. Editor 
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STUDIES WITH DIETS DEFICIENT IN ElBOFIIAVIir AND 
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AUhougU the prevalence of pellagra in areas where maize 
formed a considerable portion of the diet had been observed 
for several centuries, it is only in recent years that it has been 
possible to attempt to define the relative roles of niacin 
(Smith, M2), riboflavin (Scbrcll and Butler, \3S; Ilorwitt et 
ah, M9b; Hills et ah, ’ol) and tryptophan (Krehl ot ah, MG; 
Elvelijem, MS and Goldsmith ot ah, ’.32) in the etiology* of 
this disease. From these studies it wonld appear that the 
association of corn products with pellagra is more a function 
of the low tryptophan content of corn than of any “toxin” 
CWoolley, ’-iG). The possibility remains that some links in 
this inr/.zle may still be missing. 
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M. K. nOKWITI AND OTHERS 


This report Avill describe tlmt part of Elgin National Ee- 
search Council Project no, 3 ^sdlich dealt with attempts to 
evaluate man’s needs for niacin and tryptophan in diets low 
in corn products and both adequate and deficient in riboflavin. 
In order to decrease the level of tryptophan in the basal diets 
without using large amounts of corn meal, it was necessary 
to keep the protein intake at a low level. As a consequence 
of either this low protein level or of some other factor, changes 
in liver functions were observed after 5 months. These obser- 
vations of liver dysfunction in man, produced and ameliorated 
by varying protein intake (Horwitt, ’53; Ilorwitt, Eotlnvell 
and Kark, ’53; Kark et ah, ’53) and the associated alterations 
in carbohydrate metabolism, will be discussed elsewhere, as 
these effects had no apparent direct relationship to niacin re- 
quirements although the implications of liver dysfmiction 
did necessitate alterations in the original plan of the project. 
Though the liver dysfunction might possibly influence the 
rate at which the metabolites studied appeared in the urine 
in a short>term sample, such effects could not be noted in the 
24- or 72-hour urine samples studied. Therefore, the data 
reported in this paper are considered to bo similar to those 
which might be obtained from healthy subjects. 

METHODS OP STUDY 

As in previous long-term nutritional studies at Elgin (Hor- 
witt et ah, ’48), the selection of subjects was made after 
evaluating the physical and mental qualities of a lai’ge num- 
ber of mental patients. Choice was based upon chronicity of 
mental illness, adequacy of physical condition, and the pres- 
ence of a reasonable amount of emotional stability. After a 
three-month trial period during which attitudes, cooperative- 
ness and appetite habits were observed, 40 male subjects were 
divided into 5 experimental groups. The subjects were rela- 
tively young. All but one were 30 years or over, 8 wei’e over 
45 years and only thi-ee were over 60 years at the start of the 
study. 
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Diets, dietary supplements and division of subjects 


The organization of the diet kitchen and the techniques used 
to control the dietary intake -ft'ere similar to those previously 
described (Horvitt et ah, ’49c). The three basal diets ^ used 
arc given in table 1. Three different sets of recipes were avail- 
able so that, in effect, 9 different daily menus vere rotated 
in an effort to provide some variety. A sample of the diet 
vas homogenized and analyzed daily for nitrogen. Other con- 
stituents vore determined at frequent intervals. The basal 
diets provided approximately 2300 Cal., 6.5 gm of protein 
nitrogen, 86 gni of fat, 5.8 mg of niacin, 265 mg of tryptophan 
and 415 gg of riboflavin. 

As the quality of the protein in the diet may be of greater 
significance than the amount, it is pertinent to point out that 
the average amounts from wheat flour, zein and gelatin used 
in tlie three basic diets were 15.1, 6.0 and 3.9 gm per day, re- 
spectively. It should also be noted that, since these diets 
contained approximately 41 gm of protein (6.59 gm of protein 
nitrogen) ])er day, they provided about 15 gm less protein 
than tin* diets of the previous Elgin studies. The 6.0 gm of 
z<'in and the 3.9 pn of gelatin were included as part of the 
total allotment in order to decreasi^ further the tryptophan 
content of the diet. All of the above-mentioned data were 
calculated on the basis of lOOC- consumption of the diet. Ac- 
tn.'dly, two subjects were allotted OOfr, 21 subjects received 
ltK>''i . tliri’c subji'cts received llt^r and .5 subj'-cts received 
of all till' ingredients of the ba=al diet in accordance 
with tlieir .appetite, sire and personal I'lrefi'rence ns detef. 
milled dtiriin: the preliminary periodi. Ibirinc: the exp 'rimental 
pi'i'io;! tile ] lerci'ntavi' oi the allot'eil fo\id not ce>n-uined bv 
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0.6 mg of thiamine, 1.0 mg of pyridoxine, 3.0 mg of calcii^ 
pantothenate, 0.001 mg of vitamin Bn, 0.1 mg of folic acid, 
0.05 mg of hiotin, 4000 1.XJ. of vitamin A and 400 1.U. of vita- 
min D.^ In addition, tricalcinm phosphate, 0.5 gm, and f errons 
sulfate, 0.25 gm were given three times a ■week. 

At the end of the three-month preliminary period, during 
■which time base line data ■were accumulated, an attempt was 
made to distribute the 40 subjects uniformly with respect to 
age, weight, and psychological state, into the following 5 
groups : 

1. U group (unsupplemented) . Eight subjects received the 
basal diet (one n 07 o> 6 100%, and one 120%) plus 0.1 mg of 
riboflavin per day; this small addition of riboflavin raised the 
intake of this vitamin to the level used in Elgin Project no. 
2 (Ilorwitt et al., ’49c). (After 3S weeks, in order to repair 
the ariboflavinosis which had developed, this group was sup- 
plemented with additional riboflavin, so that in effect, this 
group was thereafter equated with the “R” group.) 

2. R group (riboflavin supplemented). Eight subjects re- 
ceived the basal diet (five lOO^e, two 1107e and one 120%;) 
I»lus 2 mg of riboflavin, daily. 

3. XR group (niacinamide and riboflavin supplemented). 
Seven subjects received the basal diet (four 100%; and throe 
120%r ) plus 2 mg of riboflavin and 10 mg of niacinamide, daily. 

4. TR group (trypfojdiau and riboflavin supplemented). 
Eiubt subjects received the basal diet (one 90%:, G 100%c and 
one lin%r) ])lns 2 nnr of riboflavin and .lOmcr of i.-tryptophan 
daily. The lry]itop]ian siqqdement was doubled to 100 mg 
aft'W in WeeV.t;. 


HR nroup (Hosjntal diet). X'lne subjects partook of the 
gcts'-ra.l ho'-pit.'d diet ad libitutn. and were simultaneon-ly sub- 
jected to tl\o various proc.'<inrc'' atqui>‘ii to tbc p'Oti- nt^ rm the 
«'\p'T!',o<'nt;d di< t. A'; a precaution, tin y rcC’ !Ve<l a cfimTn' rci.-d 

vitan.iin. n,;i\t’.ir.- ' three tins a v .-,.!: \-:h\r-h nrovi.b-.i .atu 
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proximately 4 mg of niacinamide per day beyond that in the 
regular diet. The vitamin supplemenlation for this group 
was discontinued at tlie 3Sth week. 

In former Elgin projects, it was relatively simple to main- 
tain a given research plan similar to the one described above. 
In the present study only the first 37 weeks might be con- 
sidered to have proceeded according to plan. The problem 
of liver dysfunction which developed after 5 months on the 
low-protein diet and the relative urgency of obtaining data 
which might be related to kwashiorkor made it expedient to 
alter the original goal somewhat in the hope that liver dys- 
function might be jmoved and re2?airod without vitiating later 
interpretation of the data on niacin requirements. The fol- 
lowing changes in the dietary siqiplements wore made during 
the course of the experiment: 

22nd to 3Sth week : An additional 0,5 mg of thiamine was 
given to half of the subjects in the U, E, EE and TE groups. 
Above average increases in blood lactic and pj’ruvic acids had 
been obtained after glucose ingestion and, although previous 
experience had indicated that the level of thiamine provided 
(approximately 0.9 mg per day) was not responsible for this 
metabolic change and that it was probably a manifestation of 
liver dysfunction, it was considered wise to supplement half 
the experimental subjects with thiamine for about 4 months 
in order to eliminate any doubt on this point. Further addition 
of 5 mg of thiamine, twice daily, was later tested on three 
subjects who had a marked disturbance of lactate and jiyruvate 
metabolism (61st to 65th week) but increases in blood lactic 
and pyruvic acids were not reversed until after 30 gm of lactal- 
bumin was given as a supplement, or a diet high in protein 
foods was fed. 

39th to 61st weeks : lactalbumin, 10 gm daily, was admin- 
istered to one-third of the subjects in the TJ, E, FB and TB 
groups, hereafter called subgroup I. 

39th to 52nd weeks: L-lysine, 500 mg twice daily, was ad- 
ministered to another one-third of subjects, hereafter called 
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In order to assure tliis, scliizoplirenic men "vrere selected for 
tlieir ability to cooperate and itbey were boused and fed in 
a separate unit at tbe Hastings State Hospital. A series of 
rotating menus was developed so that tlie daily nutrient in- 
take varied little tbougb the diet was not particularly monoto- 
nous. An average level of 400 to 450 mg of cholesterol daily 
was aimed at and special cookies were provided which could 
add to this about 1000 mg daily of pure cholesterol when de- 
sired. The mode of life of the subjects was carefully stand- 
ardized in regard to exercise, recreation, and so on, and this 
standard was maintained 24 hours a day by a special staff 
of aides. 

After a month of standardization in the metabolic unit, 
subsisting on measured portions of the regular hospital diet, 
the men subsisted on the experimental diet for 8 weeks during 
which time all items of food were measured as served and 
each man’s rejections or extra servings were also recorded. 
Careful attention was given to maintain the food consumption 
at the calorie balance point. 

In expei’iment 54 A, 13 men consumed 374 mg of cholesterol 
daily for the first 4 weeks and then received an average of 
1369 mg daily for the final 4 weeks. In experiment 54 B, 14 
men went through the reverse order of change in cholesterol 
intake. The average values for dietary items of interest and 
for the serum total cholesterol at the end of each 4-week 
period are given for both experiments in table 8. There are 
suggestions of a trivial response of the serum cholesterol to 
the diet but in neither experiment is this statistically sig- 
nificant. 

Surveys in Sardinia. On the Island of Sardinia the dietary 
pattern of the general population is very uniform in most 
respects and the consumption of cholesterol in the diet is 
relatively trivial except for that provided by eggs which are 
eaten in widely varying amounts. Hence, in dietary surveys 
it is readily possible to separate population sainples into 
relatively low^ and high cholesterol intakes with the rest of 
their diets being substantially the same. 
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were discharged from unit in G9th, 69th and 3Sth week, re- 
spectively, for unrelated clinical reasons. 

The above separations are not considered to he directly 
related to the experimental procedures but are more a func- 
tion of normal turnover. The fact that several of the separa- 
tions came from the “U” group is probably not significant, 
as their behavior was consistent witli their pre-oxperimental 
records. There was some question about tlie accuracy of the 
food intake of subject E7-110. Consequently, data from this 
individual have been omitted from the final tabulations. 

Tests employed 

Some of the procedures used Avere : 

Nitrogen. A complete day’s diet (100^) was acidified with 
acetic acid and homogenized. Samples of the homogenate Avere 
analyzed for nitrogen by a modification of the semi-micro 
method of Redemann (’39). Aliquots of the same homogenate 
AAmre used for the other dietary assays listed beloAV. The 
analyses of nitrogen in the urine Avere made on 72-hour col- 
lections. These three-day samples were acidified, cooled or 
frozen, depending upon A\'hen they Avere to be analyzed and 
used for all the urine analyses listed. 

Fat in the diet. This Avas estimated by extraction Anth a 
3 to 1 alcohol-ether mixture. The portion of the dried extract 
soluble in petroleum ether was considered “fat.” 

Riboflavin. The riboflavin in the diet and in an acidified 
aliquot of the 72-hour urine sample Avas analyzed by the micro- 
biological technique of Roberts and Snell (’46). Riboflavin in 
the red blood cells and plasma Avas determined by the method 
of Burch et al. ( ’48) and aauII be discussed in a sepai’ate com- 
munication. 

Nicotinic acid. The microbiological method used Avas sim- 
ilar to the TJ.S.P. modification of the method of Snell and 
Wright (’41). Because of the high fat content of the diet it 
was necessary first to extract most of the lipids Avith an alcohol- 
ether mixture. 
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DISCUSSION 

The foregoing evidence is definitive, vre think, in shovring 
that variations in the intake of cholesterol over the whole 
range of natni'al diets do not influence the serum level of 
pliysically normal adnlt men so long as other elements in 
the diet are constant. The results of experiments on 5 nor- 
mal subjects reported by Mayer et al. ( ’54) are in agreement 
for the limited range of cholesterol intahes tried. The find- 
ings, too, of Kinsell et al. (’52) and of Ahrens et al. (’55) 
on hospital patients are confirmatory though the formula 
diets used in these experiments are radically different from 
any natural diets and are not, therefore, fuUy comparable. 

According to the results of the carefully controlled experi- 
ments of Heymann and Rack (’43), the same rule applies to 
infants and children. In regard to -women, Moses (’52) and 
Moses et al. ( ’52) found that the addition of 2 gm of choles- 
terol to the daily diet of pregnant women did not increase 
the normal trend to hypercholesterolemia in pregnancy. 

The findings in t-wo series of experiments reported in the 
literature may seem to he in disagreement but on closer 
scrutiny the results cannot he cited as sho-wing an effect on 
dietary cholesterol. Okey and Ste-wart ( ’33) obtained a small 
positive response in young women when the yolks of two 
eggs were added to the daily diet but the fact that this in- 
volved a daily addition of about 100 Cal. of fats was not 
controlled. Similarly, in a prolonged experiment on 60 vol- 
unteers (Groen et al., ’52), the dietary cholesterol changes 
were accompanied by substantial changes of the diet in other 
respects. For example, the “high” cholesterol diet (940 mg 
daily), provided 100 gm of proteins, 128 gm of fats and 2618 
Cal., while for the “standard average” diet the subjects 
consumed an average of 75 gm of proteins, 99 gm of fats 
and 2391 Cal. Gillum et al. (’55) reporting on a survey on 
men and women aged 50 to over 80 years found that the 
dietary and serum cholesterol values were correlated -with 
a coefficient value of r = -f 0.12. This value may be statisti- 
cally significant because of the large number (53) of subjects, 
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Bromsulfalein reienfion time. TJie percentage of brom- 
sulfnlein remaining 45 minutes after injection of 5 mg per 
kilo was determined photometricallj'J 

Eosinophils. The extent of cosinopenia produced by 
adrenocorticotropic hormone (ACTH) was determined by 
taking an eosinophil count on venous blood before and 4 hours 
following intramuscular injections of 25 mg of ACTH accord- 
ing to the method of Thorn ct ah (’48). Results reported by 
Hiatt et al. (’52). 

Packed cell volume, albumin/ glohulin ratios, hemoglobin, 
erythrocyte counts, differential counts, gastric hydrochloric 
acid, serum cholesterol, N.P.N. and urinary sediments. De- 
termined quantitatively by standard techniques described in 
Hcpler (’49). 

Urine was analyzed qualitatively’ for pathological consti- 
tuents, such as hemoglobin, albumin and glucose. 

The elinical tests used included frequent examinations of 
the skin, oral cavity, cardiovascular system, metabolic rate, 
blood pressure, 25ulse rate, and gastrointestinal and liver func- 
tions. An attempt was made to evaluate the effects of ulfra- 
%aolet and infi‘a-red light exposure. The latter experiments 
were motivated by the findings of Smith and Ruffin (’37) that 
tyjhcal dermatitis could be produced in a pellagrin by exposure 
to heat as well as sunlight. The subjects were weighed before 
bedtime every Saturday and more often when a weight change 
was suspected. 

OBSERVATION’S 

No change in mental status was observed beyond the varia- 
tions which might be anticipated in two y’ears (preliminary 
plus experimental periods) in a grouji of patients with demen- 
tia praecox. There was no apparent diminution in appetite or 
change in bowel function (patients’ complaints were prac- 
tically non-existent). During the 35th week a subject in the 
“U” group (riboflavin- and niacin-deficient) U’ith a rather 

’ Tiicso were read by Miss D. Bix in Dr. B. M. Kark ’s laboratory at the TJni- 
Torsity of Illinois in order to facilitate comparison with other liver function tests 
being conducted simultaneously. 
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ilso appeared to be independent of the cholesterol intake in 
;he diet. For example, in the Caghari survey the mean per- 
ientage of the total serum cholesterol represented by that in 
the beta hpoprotein fraction, and its standard error, proved 
to be 75.93 0.86 and 75.67 dr l-Oi in the low- and in the 

liigh-cholesterol-intake groups, respectively. 

Finally, it may be asked why the human serum concentra- 
tion of cholesterol is so remarkably independent of the amount 
of cholesterol supphed in the diet. After all, a daily intake 
of 1 gm of cholesterol, which characterizes some high-choles- 
terol diets, is something like a daily supply equal to 10 fo 
of the total amount of cholesterol in the entire blood volume. 
A very considerable proportion of this is absorbed from the 
intestine. But much more than this exogenous supply may 
be provided in the bile poured into the intestine and it would 
seem that this endogenous supply, synthesized by the liver, 
is easily regulated to adjust to the exogenous variations. A 
very different state of affairs prevails in the rabbit and the 
chick, of course, but it seems that most carnivores resemble 
man in this respect. 

SUMMAET 

1. Two cross sectional surveys in Minnesota on young men 
and 4 on older men showed no relationship between dietary 
cholesterol and the total serum cholesterol concentration over 
most of the ordinary intake range characteristic of American 
diets. 

2. Two surveys on the Island of Sardinia failed to show 
any difference in the serum cholesterol concentrations of men 
of the same age, physical activity, relative body weight and 
general dietary pattern but differing markedly in cholesterol 
intake. 

3. Careful study during 4 years of 33 men whose diets 
were consistently very low in cholesterol showed that their 
serum values did not differ from 35 men of the same a<-e and 
economic status whose diets were very high in cholesterol 
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degree of involvement noted before riboflavin (2 mg per day} 
was added to their regimen. Analyses of riboflavin in the 
urine wliieli produced data wbicli compared well with those 
previously reported (Ilorwitt et al., ’49a) will l)e discussed 
in a subsequent publication. It is significant that although the 
present diet differed from that in the previous study in that 
vitamin Bjo was pi-ovided as a supi)lement and niacin was 
quite low, there were no noticeable differences in either the 
development or the repair of ariboflavinosis, 

TADLE 2 


r^clativc i)aiho}o(jy of snhjccts on riboflavin depletf'd diet 


sunjr.cT 

ORAi. crfAXors 
(Anpulnr Btomatilis, 
innro'ial 
or.vthcmn) 

SCROTAL 

DERMATITIS 

COyJUN'CTIVITlS 
and SnUORRHEA 

U1 (100) * 

-f 


0 

U2 (100) 

0 

0 

0 

U3 (00) 

+ + + 

+ 4 - 

0 

U4 (100) 


0 

0 

U5 (100) 



4 * 4 * 4 *-!- 

UC (100) 

■f+-f 

+ 4 - + 

4 - 4 - 4 * 

U7 (120) 

0 

0 

0 

U8 (100) 

+ + + 

4 * 4 " 

0 


* Figures within parentheses iiulicate the percentage of food allotted. 


A patient with the most severe scrotal dermatitis and penile 
involvement requires special comment. At the time supple- 
mentation was begun he showed unilateral angular stomatitis, 
diffuse erythema involving the tongue and buccal mucosa, re- 
ti’oaural seborrhea, and moderately severe scrotal dermatitis. 
During the first week after the daily supplementation with 
2 mg of riboflavin there suddenly apiieared severe blepharitis 
and conjunctivitis with photophobia, seborrhea and cracking 
of the skin in the nasolabial folds, marked bilateral angular 
stomatitis and cheilosis, and the severe penile and scrotal der- 
matitis described above. These lesions gradually cleared 
during the next 4 iveeks leaving no apparent residue. An- 
other patient with very marked scrotal dermatitis also had 
seborrhea and conjunctivitis, but to a less severe degree. 
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possible to carry out tlie work in Sardinia and in this opera- 
tion 'we "were greatly aided by Doctor Dranco, Dr. Alfonso del 
Veccbio, and Dr. Henry L. Taylor and Mrs. ^Margaret Haney 
Keys. Most of tbe serum cbolesterol measurements were made 
by Miss Erma V. 0. IMiller, Miss Laura 'Werner and iliss 
Kunzia Corrao. Mrs. Nedra Foster helped to plan tbe diets 
and analyze tbe food consumption records from Hastings, 
and helped analyze tbe blood serums. Mr. Norris Schulz 
aided in some of tbe statistical work. 
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not reacli minimum levels until after the experimental diet 
had been fed for more than three months. Thus, after two 
weeks on the experimental diet, the average excretion of nitro- 
gen in the urine was G.lSgm for the 100% group, which ate 



Fig. 1 Average urinarj' nitrogen excretions at 4 levels of nitrogen intake dur- 
ing first 3G weeks of controlled feeding; the 90, 100, 110 and 120^ diets pro- 
vided average of 5.85, 0.50, 7.15 and 7.80 gm nitrogen per day, respectively. 


6.5 gm of nitrogen per day, and 7.54 gm for the 120% group 
which ate 7.8 gm of nitrogen per day. (The 110 and 90% 
groups gave parallel data hut they represented only two sub- 
jects on each intake.) If one assumes that about Igni of 
nitrogen ® was excreted in the feces, daily, tlien all these sub- 

*Such an estimation of fccnl nitrogen which is unacceptable in short-term 
nitrogen balance studies might be considered tolerable under the long-term 
of this experiment. The extra effort and expense that would have been involved 
in the collection of feces from 40 subjects would have made it impossible to con- 
duct other phases of this project that appeared to show greater promise of 
producing significant data. Maximum variations in fecal nitrogen that might 
be expected in men repeating the same diet for many months do not appe**'^ 
to be large enough to have an important effect on the trends observed. 
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(Received for publication November 21, 1955) 


Wlienever an experimental animal sLows a simnltaneons de- 
crease in food intake and loss of body -vs-eight, one is con- 
fronted w-itb the problem of discovering the extent to Avbicb 
inanition determines the final experimental result. Tbis is 
a major problem in tbe study of tbe metabolic effects of total 
body x-irradiation in tbe rat. 

A common way of circumventing tbis problem is to employ 
pair-feeding tecbniques wbicb equate tbe food intakes of tbe 
control and experimental animals by using either: (a) tbe 
pair-starved control, i.e., reducing tbe food intake of tbe con- 
trol group so as to parallel that of tbe experimental group, 
or (b) tbe tube-fed experimental and control, i.e., forcibly 
maintaining a constant food intake in tbe experimental as 
well as tbe control animals. There is little doubt that pair- 
feeding procedures will equate tbe amounts of food passing 
through tbe mouth of tbe control and experimental animals. 
A more critical problem is the extent to which these pro- 
cedures equate tbe digestive and metabolic mechanisms within 
these different animals. It is to tbis problem, as it applies 
to tbe acutely x-irradiated rat, that tbis work is addressed. 

'This work was supported under terms of Contract AT (11-1) -106 between the 
Atomic Energy Commission and the University of Minnesota. 
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* Basal diet provided an. average of 0.5 gm of nitrogen, 

* The 10 gm of lactalbumin provided 1.26 gm of nitrogciu 

® The daily supplement of 30 gm of laet:\lbumiu was difTlcult to ingest and these data are probably low. 

* Subject TR3 transferred to hospital diet in 52nd week. 
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tile body \v'eigbts observed v.'beii both tbe control and ir- 
radiated animals are fed a constant amonnt of milk diet ad- 
ministered tvrice daily by stomacb tulie. Wben the food in- 
take was maintained constant by this means, it was again 
found that the ireight loss of the irradiated (group 3) and 
control (group 4) animals are, vrithin experimental limits, 
equal. Smith, Ackermann and Smith ( ’52) have rejiorted the 
same etfect ivlien a diet containing a pancreatic digest of 



CONTROL 1234 
DAYS POST X-RAY 


I'ig. 1 Total body ^veigbt cbajiges observed in s-irradiated and pair-fed rats. 

casein was tube-fed. Figure 1, then, summarizes evidence 
which can be given as proof that the weight loss of radiation 
sickness is due quantitatively to starvation. 

From the evidence in figure 1, it would seem possible to 
avoid all weight loss problems by tube-feeding the animals. 
■\iTien the distribution of tissue weight is studied by dissection 
procedures, quite a different picture emerges. This is largely 
due to the marked difference in the weight of the gastroin- 
testinal contents and the difference in the loss of muscle mass 

* Aitiigen, Jolmson and Co., Evansvillo, Indiana. 
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misleading information concerning body ^veigllt loss and me- 
tabolic balance. 

Pab'-starvecl contTol. The weight loss of the irradiated 
rat and its pair-starved control were fonnd to be roughly 
parallel as shown in figure 1. Here again the parallelism 
disappears when the animals are dissected and the tissue 
weight changes compared (fig. 2) . 

Again, one of the major differences comes in the Aveight 
of material retained in the stomach. Much of the Aveight loss 
of the starving rat is due to that of gastrointestinal contents. 



4 DAYS POST X-RAY 


Fig. 3 General size and appearance of the stomachs of tnbe-fed rats at 18 
hours after their last feeding. The cross-hatched area represents the pyloric 
portion. 


In many rats this loss actually exceeded that of the loss in 
body Aveight during the first 24 hours ; indicating that the total 
tissue AA^eight actually increased slightly in the initial period. 
This slight increase may be associated Avith a change in hydra- 
tion, since the Avater intake increased by two- to three-fold 
during the first day of starvation. 

Figure 4 shoAvs the basic differences in the Aveight changes 
observed in these tAvo conditions. Several facts stand out. 
The main AA’eight loss folloAving irradiation is due to a loss 
of muscle mass. In the star\dng animal, hoAvever, there is 
no loss of muscle until after the tlurd day, Avhile'the main 
loss of Aveight results from a decrease in gastrointestinal 
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procedures allo'vr one to eliminate tlie effects of inanition from 
tlie other effects of radiation, and thus simplify the interpre- 
tation of the data. The difficulties of this approach can best 
be illustrated by taking a specific example. In electrolyte 
balance studies (Bowers et ah, ’53), the irradiated rat has 
been compared with his pair-starved control. To be exact, 
the pair-starved control balances were subtracted from the 
irradiated animal balances, and the data expressed as balance 
differences. As might be expected from figure 4, during the 
first stress days the irradiated animal loses substential 
amounts of muscle potassium, and the starved animal loses 
substantial amounts of gastrointestinal potassium. In this 
comparison, then, one subtracts a muscle potassium loss 
from a gastric potassium loss, and labels the difference as the 
potassium, loss attributable to “pure” irradiation effects. 
Quite obviously this use of the pair-fed control can only lead 
to gross confusion concerning the “pure” metabolic effects of 
irradiation. Furthermore, the lack of appropriate control data 
prevents a reinterpretation of the experimental data on any 
other basis. 

Al l of this raises some very practical problems concerning 
the conditions rmder which it may be justifiable to use this 
pair 'feeding technique. Physiological and statistical consid- 
erations suggest that the follonung three conditions should be 
met: (1) The net effects (total-body potassium losses) of the 
stress (irradiation) are similar to those observed in starva- 
tion, (2) these outward effects are caused by the same meta- 
bolic alterations in each case, and (3) there is evidence of the 
independence of (lack of interaction between) the stress (ir- 
radiation) and starvation effects. 

Since the starving and irradiated animals are losing equi- 
valent amounts of potassium (Bowers et al., ’53), the first 
condition is satisfied. However, the clear difference in the 
nature of the internal mechanisms involved points to a failure 
to meet the second condition. This is not an isolated or unique 
case. In a number of the situations which have received care- 
ful studj , tbc metabolic changes in the irradiated animal were 
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in an unsupplemented group (U or E group) who received 
120% of the basal diet was being allotted 318 mg of tryptophan, 
which is not much less than 338 mg of tryptophan which the 
subject on 90% intake was receiving in the TE group (basal 
diet plus 100 mg of tryptophan). 

Table 4 shows that several of the subjects had low excretions 
of N^-Me which approached the upper limits of those reported 
by Goldsmith et al. (’52), levels which were associated with 
clinical pellagra on a corn diet. In the latter study, excretions 
of 0.5 and 0.6 mg of E^-Me were obtained in 50 to 60 days. 
In the present study, only one subject (E2-100) excreted less 
than 0.96 mg at 16 weeks and although, between 46 and 59 
weeks, 6 subjects (U2-100, U5-100, U6-100, El-100, E2-100 
and E5-100) recorded excretions of 0.6 mg or less, clinical 
evidence of pellagra was not apparent. These results are not 
inconsistent with similar observations on wheat diets Avhich 
were being conducted at Tulane University (Goldsmith et ah, 
’52) at about the same time. In the latter study, the depletion 
period was 95 days at which time some of the subjects in the 
Elgin study had also reached their minimal levels of N^-Me 
excretion. 

Effects of lysine supplementation on N^-niethyl- 
nicotinaniide excretion 

The apparent changes in N^-Me excretion observed (table 
4, footnote 10) when 1 gm of n-lysine per day was given 
(39th week) to subjects U2-100, U5-100, E3-100 and E6-120 
deserve special comment. These subjects had a decrease in 
N‘-Me excretion, presumably due to the amino acid imbalance 
associated with lysine supplementation (Koeppe and Hen- 
derson, ’55). These suggestions of decreases were in contrast 
to larger excretions obtained at the same time, in 6 subjects 
in the same group who were supplemented with 10 gm of 
lactalbumin per day, although two of these subjects (E2-100 
and E5-100) needed more time to show the ameliorative effect 
of the lactalbumin. The two subjects in the TE group (TE4- 
100 and TE7-100) who received 1 gm of n-lysine per day 
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the 10 gm of lactalbumin used was approximately 200 mg. 
As the amount of tryptophan in 10 gm of lactalbumin is about 
twice the 100 mg added daily to the basal diet given to the 
subjects in the TR group, the increased efficiency of the 
lactalbumin supplementation on N^-Me can be calculated as a 
function of the additional tryptophan so provided. To estimate 
the compai’ative value of tryptophan from lactalbumin and 
of the 10 mg of niacin given to the NE subjects, one can 
compare the pre-lactalbumin supplementation data from the 
36th week with data obtained during the 59th week. The 
average increase in the excretion of N*-Me due to the addi- 
tion of 10 gm of lactalbumin in the 39th week to 6 subjects who 
appear to have given reliable data (Ul-100, U4-100, U7-120, 
R8-110, NR3-100 and TR6-100) was approximate!}^ 1 mg per 
day. The difference between the amounts excreted by the 
NR-100 and U and E-lOO groups was approximately 3 mg 
per day (see fig. 2). On this basis one might regard 1 mg 
of niacin as being equivalent to about 3 gm of lactalbumin 
or to about 60 mg of tryptophan provided in the form of 
lactalbumin. "While this calculated result cannot be proved 
statistically significant from the data presented, it can serve 
as a reference point for estimating the niacin equivalence of 
tryptophan-containing compounds; some additional justifica- 
tion for this relationship is presented below in the section in 
which N^-Me excretion produced by ingestion of niacin or 
tryptophan is discussed. When lactalbumin replaced zein 
in the basal diet (52nd to 61st week, table 4, footnote 12), • 
subjects U5-100, U8-100 and R3-100 showed increases in 
N^-Me excretion of 0.64 to 1.05, 0.98 to 1.29 and 0.87 to 1.23 mg, 
respectively, after 7 weeks. Since this tryptophan addition 
of approximately 140 mg per day followed the cessation of 
lysine supplementation, these data are difficult to evaluate. 

Urinary excretion of quinolinic acid, niacin and tryptophan 

The excretion data for quinolinic acid indicate that this 
analysis, though of theoretical importance, does not produce 

”Labco Brand, purchased from The Borden Company (nitrogen content 12.6%). 
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Grau (’48) and Gran and Kamei (’50) demonstrated an in- 
crease, at a decreasing rate, of the absolute lysine and sulfur 
amino acid requirements of the grovring chick when the pro- 
tein level of the diet was increased. Almquist ( ’49) found that 
at supernormal protein levels the methionine requirement was 
a constant percentage of the protein; similar observations 
were made by Almquist and Merritt ( ’50) with arginine. 

If all essential amino acids, even at supernormal levels, had 
to be supplied as a constant percentage of the protein, higher 
levels of proteins deficient in one or more amino acids would 
only serve to accentuate an imbalance. If there were, however, 
a decrease in the requirements, expressed as percentage of the 
protein, with increasing protein levels, it might be possible 
to overcome moderate amino acid deficiencies by feeding more 
of the deficient protein. Barnes et al. ( ’45) have shown with 
rats that by increasing the level of properly heated soy-flour, 
deficient in methionine, or wheat gluten, deficient in lysine, 
above what is generally considered optimum, a level of growth 

' Tho axperimental data in this paper are taken from a thesis snbmitted by the 
senior author to the Graduate School of the University of Illinois in partial ful- 
fillment of the requirements of the Ph.n. degree in .Animal Nutrition. 

= Present address: Department of Poultry Husbandry, University of Nebraska 
Lincoln, Xebrnska. * ’ ’ 
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cured sample used in these experiments ^vas analyzed by the 
Kjeldahl-Wilfarth-Gniming method for nitrogen and micro- 
hiologically for tryptophan, nsing harinm hydroxide hydro- 
lysis and S. faecaUs, according to a modification of the method 
of Miller and Euttinger (’50). The alfalfa sample was found 
to contain 20% of protein (N X 6.25) and 0.30% of trypto- 

T.\BLE 1 


Basal diets used in experiments 1 and 2 


IXGUUDXEXTS 

DIET 0 

DIET A 

DIET B 

DIET C 

DIET D 

Cerelose 

57.92 

ro 

So 

So 

rc 

Dextrin 

Casein, crude 

18.00 

76.46 

63.84 

51.16 

38.46 

Casein, acid hydrolyzed' 
Gelatin 

2.00 

12.24 

10.90 

22.42 

34.00 

45.60 

Alfalfa meal, sun-cured 

3.00 

3.00 

3.00 

3.00 

3.00 

Salt mixture' 

5.34 

5.34 

5.34 

5.34 

5.34 

Com oil, refined 

1,00 

3.00 

3.00 

3.00 

3.00 

Choline Cl 

0.20 

0.20 

0.20 

0.20 

0.20 

nii-Methionine 

0.30 

0.10 

0.20 

0.30 

0.40 

L- Arginine HCl 


0.50 

1.00 

1.50 

2.00 

Glycine 


0.50 

1.00 

1.50 

2.00 

Total’ 

100.00 

100.00 

100.00 

100,00 

100.00 


* HY-CASE, a salt-free product of Sheffield Chemical Company^ Inc., Isonvich, 
N. Y. 


-Pisher et al. (’ola). 

’ Plus the foUoydug vitamins (milligrams per kilogram diet) ; thiamine HCl 
100.0; riboflavin 16.0; niacin 100.0; calcium pantothenate 20.0; pyridoxine 6.0; 
folic acid 4.0 ; biotin 0.6 ; vitamin 'Ba 0.02 ; inositol 100.0 ; para-aminobcnxoic acid 
2.0; ascorbic acid 250.0; Menadione 5.0; a-tocopherol acetate 20.0; 10,000 I.U. 
vitamin A and 600 I.IJ. vitamin Dj. Procaine penicillin G was added at the level 
of 15 mg/kg. 


phan. The hydrolyzed casein was supplemented with methio- 
nine, ar^nine and glycine so that except for the small amount 
of protein supphed by the aKalfa meal, the ratio of all amino 
acids except tryptophan to each other did not differ materially 
in the 4 experimental diets. Due to the inefficient conversion of 
orally administered n-tryptophan to the l isomer, reported by 
Morrison (’55), only the natural isomer was used to supple'- 




28 


M. K. HOBWITT AXB OTHERS 


P3 

<; 


t) 


►5 *>; < . 

c4 I— ( 

fcs 1 ■ ■ 

s 


C3 • Ci cc r-i o m O C5 O Cl Cl O C5 ^ M <» Cl CO t>. O O iH * »-< W 

tJ • o ir: r-? cr? iri irj CO Cl •IH iri ».o M CO LO r -1 00 o ri * '^’ co ?i: ^ lo oo I ci 

rH *^-^r 1 r-^ClCl^^Cl i-irH|-(CJClr-(’^Clr-<r-)r-iCOCJci»^ r-Jr-l 


Sj 

^ O VC CO 
<. O O r}? 
Cs ?-^ 1— t 


IC Ci • CO t- O Cl Ci CO CO O ^ ^ ^ 

r-i _r <rn ; CO o O »-i C5 ci C5 CO 


C>1 r4 CO 
>-< ri ^ Cl 


■1^ CO O ci O LO CO 

^ ^ — Cl Cl ,-1 


• o-^ 


5 i-< o gl O Cl o 
4 Cl CO ci £o CO ci o I ci CO 

r-fr-irir-ir-tci •-•Cl 


t> t-. • CC o ^ lO 

o Ci vri ‘ CO o CO 

^ Ol i-l Cl Cl T-t rH 


Ci Cl CO uo oq cq •-( Ci ci Ci ^ ^ Ci ci cq cq 

; iri CO ci cc co’ ci T-i ci r-^ r-^ oi ci o o' co o 


O 


oq 

' 


iq t-; o o t>; cq 00 
CO t-! t-i o o CO o 

•—•»—)•—) Cl 


■OCl CiOOC CO'f 
Lo o ci o ai o co ci oo i>i o ci 


eo *•'5 


iq t>. LO Cl o o t'; 00 cq 00 
ci o CO o o CO o ci 

r-< I— I 1— * Cl Cl Cl *-1 rH 


cq O Ci 
CO LO* O 


I 

S o 
^ e 


t P< 


: o cq o o o cq rj* o o iq o ci co cq ci ci ci *q ^ ^ oq 

; o o ci CO ci o o i>i ci co co co ci co* -t* -t ci ci w lo t>i -f ci 

r rH t-h I— 1 r-1 T— • •— ( *— I t— • 1— • ^ Cl 


•-Hvqo-i^oocqcici 

ci l- eo r-J O* LO O ci 
r*i »—<»—« Cl 


Cl Cl 


•“i Cl b- LO O oq i-H Cl Ci cq 1 -J 00 tq rH ^ - i 

'^cicrioioa o -j^co-j* cooocc tC cot>io OLOci »^ci coci t^c^ci-*: t^ci cioo ooo 

^ I— I •— ( r— i— ( «-H rH ^ C 1 t— ( r— t »— i 


r-J cq cq Cl to 00 00 O Cl 1 


cq cqb«;Ci CO t^CiO "^cq 

ci o T-^ ci o ci CO ci CO* co ci co oo to o’ f-i ci ci 


q t^tqcqci ^cc eocq lo 
i i>i CO ci o ci 00 ' 

cl Cl rH 


L0_ Cl 


^cqcqtqTij ci tqcio o cqcqvq LOOr-j oq-rf^oci ^ci r-jt- ‘tqo 


■■Ob-ClCO o cor^ico 


•OOCO Cl COOCi t^-OO Cl Cl ooo b-^QOrt^ t>-Cl CiOO 


^ Ci tq Cl cq 
r-t ci o 


i-HtqtD Ci»-Hco cqcooq corjjo woo oqci t^coci-o^ -f<o 

Ti^CCiri ci«-lO ci r-*Or-i OOCOb-i OCO CQb^Oci r-ici 


■ O o 
:o^ 
eo CO 


■ ^ 
, ci CO 


■ 

' Ci CO 


' ^ ^ 
; *-4 LO 


■ ^ 

; o oo 


cci-o^oci cq cqt>;tq b-iOLo cq t^cqt^ i'*;cqci Wi>; t^'^q cq^qcico oooq 
oooci-^’ o oorj^o oo’coci o tdcico Nt>^ci oeo *-itD r-icicio t'ci eoiri 


cq cicici r-jcitq lo coooo eqci ciw cqoqc<j'^f 4 cici oqcit^cirHCit^cicq 

^citiob-^ O COi-HCO cicici tdLO»>i cicOLO cri* 0 ^ lOW t>t-Hcici t^O cic^ ciodr 4 cit^ 0 lr-it >0 


5i»-tC01OCl CO ClCOVO •— ICiCO y-i rJHlOlO COCliH Clt^ COCO CO»-ltOtC C^OO LOCI Or^^cOOVO^-(MCOCl 

iOlOlOlO to ototo toicio totouo b-toto tOt^ loto lOOt^t^ lOO eoo t^lOtot-OVOtOlOlr- 


o o o o 
o o o o 


r-)i-HrHi— I Cl r-lr-'T— » »— It— I 


OOO ooo o ooo 
OOCl ooo CQ OOi-f 


OOO oo oo OOOO 
ooo CQCQ OCQ OOoo 


f— IrHr— liH CItH t— I»^ 


ClLOOob CO ^HCO'4^ O CQVOOO 

P PPP p:^«pi^ P 


civo eqtq P4iubi4. oocq coo 

EhEhhb WKKPWWPPi^ 


P^iP^l p:^f 


Sco table 4 for description of footnotes. 



of protein level on the tryptophan requirement of the chid: 


DIET 

L-TRTPTOPnAX 

EXP. 1 

Av. gains \ 

^ain/feed 

EXP. 2 

Ar, gain/ 

gains fee'll 


Tr of 

protein 

% of 

gm 


f;ni 



o:6 

0.06 



28 

0.13 


0.7 

0.07 

52 

0.23 

40 

0.20 


o.s 

0.08 



50 

0.22 


0.9 

0.09 

64 

0.26 

oS 

0.24 

A 

1.0 

0.10 



60 

0.25 

(10% protein) 

1.1 

0.11 

66 

0.27 

62 

0.27 


1.3 

0.13 

52 

0.24 




1.7 

0.17 

5S 

0.24 




2.1 

0.21 

64 

0.27 




0.55 

0.11 



54 

0.29 


0.65 

0.13 

8G (74)= 

0.38 (0.39)= 

90 

0.42 


0.75 

0.15 



112 

0.49 

B 

0.85 

0.17 

115 (117) 

0.47 (0.48) 

110 

0.49 

0.95 

0.19 



107 

0.49 

(20% protein) 

1.05 

0.21 

108 (116) 

0.45 (0.47) 

103 

0.48 


1.25 

0.25 

116 (107) 

0.48 (0.47) 




1.45 

0.29 

117 (112) 

0.48 (0.49) 




1.65 

0.33 

107 (102) 

0.46 (0.42) 




0.37 

0.11 



22 

0.18 


0.43 

0.13 

44 

0.29 

48 

0.32 


0.50 

0.15 



63 

0.38 

r% 

0.57 

0.17 

92 

0.45 

82 

0.45 

O 

0.63 

0.19 



100 

0.51 

(30% protein) 

0.70 

0.21 

96 

0.48 

106 

0.52 


0.83 

0.25 

96 

0.46 




1.03 

0.31 

98 

0.46 




1.23 

0.37 

100 

0.47 




0.32 

0.13 

32 

0.24 

28* 

0.24 


0.37 

0.15 



42* 

0.33 


0.42 

0.17 

62 

0.39 

69^ 


D 

0.47 

0.19 



70* 

0.41 

(40% protein) 

0.52 

0.57 

0.21 

0.23 

91 

0.46 

80* 

80" 

0.46 


0.62 

0.25 

82 

0.48 




0.S2 

0.33 

73 

0.42 




1.00 

0.40 

82 

0.45 



* Averages of 10 chicks, except if indicated 
mental period. 

othemise, during 10-day 

experi- 


= Controls not receiving penicillin in parentheses. 
* Averages of 8 chicks. 

‘ Averages of 4 chicks. 
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Effects of withdraival of folic acid, calcium pantothenate, 

pyridoxine and vitamin from the vitamin supplement 

As clinical signs of pellagra had not appeared in any of the 
subjects by the 62nd week, folic acid, calcium pantothenate, 
pyridoxine and vitamin Bjo were removed at this time from 
the vitamin supplement of 6 of the subjects who were not 
receiving any lactalbumin. This was done to determine whether 
these vitamins were preventing the development of a pellagra 
syndrome. These subjects (U5-100, U6-100, R3-100, E4-100, 
R8-110 and NR5-100) were chosen for observation of possible 
effects of prolonged feeding of the basal diet because they 
had not shown any evidence of liver dysfunction, as deter- 
mined by bromsulfalein retention test, during the course 
of the project and therefore had not received any protein 
supplements. During the following 25 weeks, these subjects 
showed no significant alterations in their ' previous clinical 
or biochemical patterns. It should be noted that two subjects 
(U6-100 and R4-100) received the basal 100% diet (5.6 mg of 
niacin and 265 mg% tryptophan) for 87 weeks without any 
symptoms of pellagra becoming evident. Two other subjects 
(U5-100 and R3-100) received the basal diet for the same 
87-week period except that 7 gm of lactalbumin replaced 7 
gm of zein in their diet from the 52nd to 61st Aveek. 

Comparison of increases in N^-methylnicotinamide excretion 
produced hy tryptophan and by niacin 

The importance of evaluating tryptophan as a substitute or 
supplement for niacin should be apparent as any estimation 
of the niacin equivalence of a given diet must depend upon 
the amount of tryptophan in the protein supplied (Horwitt, 
’55). Estimations of hoAV much tryptophan is convertible to 
niacin and its derivatives depend largely upon the study of 
the three main excretory products of niacin-tryptophan met- 
abolism, N^-Me, the 6-pyridone of N^-Me, and quinolinic acid. 
Analysis for 6-pyr can give useful information Avhen relatively 
large amounts of N^-Me are excreted, but when the levels 
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percentage of dietary protein, the tryptophan requirement ap- 
pears to decrease at a decreasing rate. 

^^Tien a maintenance requirement for tryptophan is esti- 
mated and subtracted from the figures obtained for the 10 and 
20% protein levels, the remaining amounts of tryptophan re- 
quired for growth parallel the gains, being in both cases ap- 
proximately twice as large for the 20 as for the 10% level. 
It is not so simple to explain the increased requirement at the 
supernormal protein levels, i.e., where an increase of protein 
did not result in increased growth. 

Some consideration has to be given to the occurrence of 
more efficient feed utilization at protein levels above those 
required for optimum growth. A greater gain/feed ratio at 
equal gains is the result of decreased feed intake of all nu- 
trients, including the amino acids. To maintain a certain ab- 
solute amount of tryptophan intake, a more efficient diet would 
therefore have to contain a higher percentage of aU nutrients. 
Most nutrients will be present in sufficient excess to allow for 
this slight increase, but a nutrient that is limiting and fed at 
graded levels might conceivably be shown to be required in 
larger amounts. It seems, however, that this factor could not 
explain more than a small part of the increased requirement 
at supernormal levels. 

When a protein deficient in an amino acid is fed, the utiliza- 
tion of this protein is limited by the extent of the deficiency. 
It is possible that the organism in its attempt to remove the 
excess amino acids also loses a certain amount of the limiting 
amino acid. A similar situation is created when excess amino 
acids, due to a supernormal protein level, have to be removed 
from the body. The increased dietary requirement for the 
limiting amino acid might be an expression of these losses. 
It i-emains to be determined where these losses occur. 

Sauberlich and Salmon (’55) have shown with rats that an 
imbalance of tryptophan created by the addition of protein 
sources deficient in this amino acid does not result in lowered 
digestibility and absorption of the protein. They observed 
an actual increase of amino acids in the urine, including an 
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1:65. In subsequent weeks, there were too few subjects not 
receiving extra protein to warrant such calculations. 

From such data as presented above, a factor of 1 : 60 has been 
chosen to designate the relative efficacy of tryptophan in 
substituting for niacin. It is the opinion of the senior author, 
after attempting to analyze the data from each subject that, 
though there are large individual variations, a factor of 1 : 60 
is a logical starting point for future studies. Past experience 
vdth “load tests” with other vitamins has shown that the 
proportions of a vitamin or its products excreted after inges- 
tion are dependent upon the nutritional state of the subject 
being tested. Thus, the administration of a vitamin supple- 
ment equivalent to one day’s requirement would, if given to 
a deficient subject, produce little urinary excretion of the 
given vitamin or its products. Therefore, since the calcula- 
tions above compare groups in different stages of niacin 
saturation, one can predict that a larger proportion of the 
administered niacin would be excreted by the NR group than 
by the TR group which would produce an apparent ratio 
that would make tryptophan seem less effective than niacin. 
In other words, the 1:60 ratio includes a considerable margin 
of safety; less tryptophan than suggested by the ratio of 1:60 
would probably be needed to replace each milligram of niacin 
in the non-growing adult. 

The data discussed in the section on the effects of lactal- 
bmnin supplementation on N^-Me excretion, though meager, 
do not show any marked differences between the effects of 
tryptophan fed as a component of lactalbumin and of n-tryp- 
tophan fed as an isolated amino acid. 

DISCUSSION OF NIACIN RATIOS 

Analysis of the data reported should take into account the 
results of the Tulane studies (Goldsmith et al., ’52) some 
of which were conducted at the same time as the Elgin 
project. These workers produced niacin deficiency in three 
subjects in 50 days on a corn diet which contained about 
4.7 mg of niacin and 190 mg of tryptophan. On the other 
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little work lias been clone nitb graded levels close enough, to 
each, other to establish the actual minimnin requirement. Also, 
the use of the racemic mixture with various assumptions con- 
cerning the availability to the chick of the n isomer, and the 
use of higher protein levels might sometimes cause require- 
ments to appear higher than they really are. 

In contrast with methionine, considerable excess of dietaiy 
tryptophan above the requirement for opthuum gi-owth did 
not seem to exert a growth-depressing effect on the chicks. 
This is in agreement vith observations made by Fisher et al. 
(’54:b) and by other authors. 

It is of interest to observe that work done by Salmon ( ’51) 
showed that the tryptophan requirement of the rat, with niacin 
provided at adequate levels, increases with increasing pi’otein 
levels but at a slower rate. These results closely parallel 
those obtained in the present investigation with chicks. 

SUMMAEV 

The dietary tryptophan requirement of growing male cross- 
bred cliicks has been shown to increase with increasing protein 
levels, though at a slower rate than the latter. When the diet 
contained 10, 20, 30 or 40% protein, the minimum require- 
ment for tryptophan was estimated to be 0.09, 0.143, 0.182, and 
0.20% of the diet respectively. Thus, a protein causing a 
slight tiyptophan deficiency when incorporated into a diet at 
the 20% level might conceivably supply sufficient tryptophan 
for optimum growth when incorporated into the diet at a 
higher level. 

Supplementatioii with an antibiotic did not appear to have 
a sparing effect on the requirement for dietary tryptophan. 
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alan corn, and two on untreated Guatemalan corn. 

’Goldsmith et al. ('52). 

^Goldsmith, personal communication. 

“Calculated from Frazier and Friedemann (MG), 

“Same diet as “Tulanc corn" above, plus 2 mg of niacinamido per day. 
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Practically all of the values reported in the literature for 
the vitamin Bi. content of cow’s milk have been determined 
by microbiological assay. Moreover, relatively few figures 
are available for the Bio potency of individual milk products 
as estimated by any method. 

The usefulness of animal assays both for comparison with 
other methods of determination and as some indication of 
the physiological vitamin value of foods is generally recog- 
nized. In the present paper values are given for the vitamin 
Bio potency of mifii and some milk products as determined 
by rat assay. Possible effects of breed and ration of the cows 
and of various methods of handling the milk are also con- 
sidered. The method used employed non-hyperthyroid Bio- 
deficient rats (Caiy et al., ’46; Hartman, ’46). The basal 
ration, containing lactose and casein, was designed especially 
for determining the vitamin Bjo content of dairy products. 
Comparison of this procedure Avith other rat-growth methods, 
as applied to milk products, will be considered in another 
communication. 


.\SSAY METHOD 


The rats used were 28-day-old males weaned from stock 
colony' mothers fed a B,o-deficient ration during lactation. 

'For composition of stock rntion, see Hartman ct al. (’ 51 ). 
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estimating the “niacin ratio” of a diet, one never nses 
less than 2000 calories in the calculation even though the 
subject in question is consuming less than this amount. This 
eliminates the possibility of having an apparently adequate 
value of this ratio in a subject consuming only a small part 
of a well-balanced diet. In effect, the amount adequate for 
2000 calories would he the minimum basal requirement for 
the adult. 

An alternate calculation of the minimum niacin-tryptophan 
requirements of man might he made by subtracting a mini- 
mum figure for tryptophan requirements (Bose, ’49) for 
maintenance (about 150 mg or 2.5 niacin equivalents) and 
then estimating the remaining niacin equivalents. However, 
since less than 200 mg of tryptophan are found only in experi- 
mental diets or in areas of severe starvation, no practical 
point is served by treating the maintenance requirement 
separately. The niacin ratio, if used as suggested, tends to 
correct for differences in the size of the individual, as size, 
protein and basal caloric needs are all related although it is 
recognized that the tryptophan needs are only indirectly 
related to caloric intake. 

Table 9 lists the niacin ratios of some representative foods 
to show how relatively unimportant can he the niacin content 
of good sources of tryptophan. This table also demonstrates 
how corn itself can vary. To obtain the data on corn, calcula- 
tions were based on the niacin and tryptophan contents of 
23 different varieties of Guatemalan corn as reported by 
Aguirre et al. (’53). The 4 Guatemalan corns chosen in table 
9 are those which contained the lowest niacin, the lowest tryp- 
tophan, the highest niacin and the highest tryptophan con- 
tents, respectively. In order to estimate the caloric content 
of these corns, the results published by Bressani et al. (’53) 
were calculated from their data on fat, nitrogen, crude fiber 
and ash. The average niacin ratio of the Guatemalan corns is 
about 6.7 and pellagra is relatively uncommon in Central 
America where it is claimed that the average Indian consumes 
about 500 gm of corn per day. This is considered to provide 
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sepai’ate supplements, tlie by syringe and the milk in 
small glass dishes. For the assay of milk products, the refer- 
ence Bi 2 and the test supplement were incorporated at given 
levels in the Bio-deficient assay ration; the test material 
replaced equal amounts of pi’otein (casein), lactose, salts 
and fat. The resulting diets were fed ad libitum. 

To ascertain the character of the dose-growth response 
curve, results obtained with the reference B 12 were utilized. 

TABLE 1 

J)os€~gro\cili regression lines^ icxih ergstaUine vitamin 


TYPE or 
REGP.ESSIOK 

LIKE 

SEHIES 1 
fed as 

SEPA^\TK DOSES “ 

SERIES 2 

B,; FED AT GIVE?? 

LEVELS JX RATION" ^ 

Av. 

slope 

Coeff. of 
variation 
of av. 
slope 

Combined 

slope 

Av. 

slope 

Coeff. of 

variation Combined 
of av, slope 

slope 







Growth Mog dose 

47.6 

5.6 

46.1 = 

53.6 

29.0 

Log growth Mog dose 

0.601 

34.6 


0.706 

17.3 0.6Si 


' The intercept of the regression line of any given assay was calculated from the 
internal data of that assay. 

"Five assays; per assay, S to 19 litters, 2 to 4 doses; range of doses over all 
assays, 0.01 to 0.50 ftg/day. 

* Seven assays; per assay, 7 to 14 litters, 2 to 3 levels; range of levels over all 
assays, 0.005 to 0.06 Mg/10 gm ration. 

* Growth = av. 4 weeks weight gain of dosed rats minus av, 4 weeks weight 
gain of negative controls; range of these growths: 9 to 85 gm in the separate dose 
assays, 11 to 70 gm in the level-in-ration assays; range of av. weight gain of 
negative controls, 52 to 82 gm. 

* Standard error: dr 2.1S. 


The assays in which the supplements were fed separately 
from the ration have been designated as series 1. Within 
individual assays as well as over this whole series (table 1), 
the results were found to fit quite well a linear regression of 
weight gain on log dose. Those assays in which the supple- 
ments were incorporated at given levels in the ration have 
been designated as series 2. In contrast to series 1, the data 
from series 2 fitted better a log growth-log dose linear re- 
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the Guatemalan diet ■were to be replaced by “civilized” forms 
of carbohydrate, such as corn syrup, corn starch or sucrose, 
pellagra would be common in that country. 

The statements made, herein, are not intended to eliminate 
the possibility that some corn products may have such low 
“niacin ratios,” or such low niacin- tryptophan availability, 
that their consumption, exclusively, would promote pellagra. 
Bather it is an attempt to focus more attention on a simple 
relationsliip of the niacin-tryptophan content of the diet in 
terms of total calories consumed. Justification for using cal- 
ories as a base line, rather than body weight, may be obtained 
from comparisons of the Goldberger, Tulane and Elgin diets 
and from experience with animals where niacin and thiamine 
needs were directly related. The Goldberger prison diet (Gold- 
berger and Wheeler, ’20) provided relatively high amounts of 
niacin and tryptophan but the caloric intake was also high. 
The prisoners had work to perform, whereas the Tulane and 
Elgin subjects had a minimum amount of activity. Krehl et 
al. (’46) have pointed out that their estimations of the trypto- 
phan requirement of the rat Avas considerably less than the 
level of 0.2% suggested by Rose (’37) Avho used a diet rela- 
tively high in fat and calories. 

The data which suggest that n-lysine supplementation (1 gm 
per day) had a deleterious effect on the formation of N^-Me 
reinforce reports (Koeppe and Henderson, ’55 ; Hankes et ah, 
’49) that amino acids in the diet must be properly balanced. 

When the diet of the TB group (about 9% protein) Avas fed 
to Aveanling rats (HorAvitt, ’53) their groAvth rate averaged 
less than 1.3 gm per day and fatty livers were produced. Adult 
men were reasonably well maintained on the same diet al- 
though some evidence of liver dysfunction was obtained. The 
addition of lactalbumin to this diet produced normal rats Avith 
a growth rate of 4.3 gm per day. These observations should be 
considered in the light of the increased protein requirements 
for rapid groAvth, and the high frequency of IcAvashiorkor in 
Guatemalan children on corn diets which do not produce pel- 
lagra. 
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crude casein and dried skim milk also failed to give additional 
grovtli over that obtained with maximally effective levels 
of vitamin Bjo- 

In each assay one to three doses or levels of the reference 
Bi 2 and one or hvo of the unkno'wn ■were used. Separately 
fed supplements of the milk and of the ■^’itamin B13 'were 
given 4 or 5 times a week but the amounts have been expressed 
as the quantities received per day for a 6-day week. 

BEStJLTS AXD DISCVSSIOX 

Considerable variation has been found (Collins et al., ’51, 
’53) in the vitamin Bio level in millv between cows of the same 
breed and between samples from the same animal taken at 
different times. Therefore it should be emphasized here that 
the various lots of milk used in the present work represent 
herd milk. Moreover, a given lot consisted of a series of 
samples collected three, 4 or 5 times per week throughout 
the assay, each sample representing mixed milk from a num- 
ber of cows in various stages of lactation.® 

A pre'rious report from this laboratory (Hartman and 
Dryden, ’52) showed that cobalt, added to cow rations al- 
ready containing amounts of this element adequate for nor- 
mal health and functioning, failed to increase the ■vitamin 
B,2 content of the milk as determined by the present rat assay 
method. The results of studies on the possible effects of other 
factors on the ■vitamin Bio potency of milk are summarized 
in table 2. 

It can be seen (table 2, experiment 1) that the vitamin Bio 
potency of raw Jersey and Holstein milk produced by cows 
on pasture was not significantly different from that produced 
by cows fed only barm rations. This result is in accord with 
findings of preliminary comparative rat growth studies (Hart- 
man et al., ’49) carried out before crystalline vitamin Bjo 

* These -were collected from groups of covrs in the dairy herd at the 

Beltsville Agricultural Research Center. The average number of co'^vs per sample 
ranged from 4 to approximately GO, while the total number of cows used per assay 
varied from S to more than CO. 
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Urinary excretions of niacin and tryptoplian were not directly 
related to the usual levels at Avhich these were present in the 
diet. 

Data pertaining to the possibility that lysine or methionine 
added as supplements may inhibit the formation of niacin 
metabolites are presented and discussed. 

"While attempting to correlate the effects of riboflavin de- 
ficiency on “pellagragenic” diets the following observations 
were made; (1) That a diet low in niacin and tryptophan did 
not cause any noticeable alterations in the previously reported 
course of ariboflavinosis ; (2) that supplementation with vita- 
min Bi 2 produced no changes in either the development or re- 
pair of ariboflavinosis and (3) confirmed a previous report 
that scrotal dermatitis was a consistent observation in aribo- 
flavinosis in man. 

The ■withdrawal of folic acid, calcium pantothenate, pyri- 
doxine, and ■vitamin Bjo as supplements to the basal diet of 
5 subjects for a period of 25 weeks had no noticeable effect on 
the subjects involved. One may assume that either the basal 
diet was not grossly deficient in these vitamins or that the 
previous 62 weeks of supplementation had created a large 
reserve. 

The level of excretion of N^-methylnicotinamide has been 
confirmed as an indicator of the ability of the organism to 
extract niacin derivatives from the diet and in this manner 
may prove to be a useful index of niacin-tryptophan avail- 
ability. 
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became available as an assay standard. These earlier studies 
indicated no mai'ked difference, if any, in the vitamin B 12 
potency of milk from cows on pasture, from cows on barn 
feeds or from cows which had been for several years on a 
ration in which no vitamin Bjo activity could be detected. 
On the other hand, de Heus and de IMan (’51) and van 
Koetsveld (’53) found the vitamin B 12 content to be about 
twice as much eaidy in the pasture feeding period as it was 
previously during indoor feeding; the former workers also 
observed a gradual decline to the indoor level. The results 
obtained in the present studies are not necessaiuly in conflict 
with those obtained by the above workers since the cows used 
here had been on pasture for at least one and a half months 
before collection of the first sample. 

Milk of the Jersey and Holstein breeds was compared in 
two assays (table 2, experiment 2). In one case, the cows 
of both breeds were on pasture. In the other, they were on 
barn feeds. In neither instance was there a significant dif- 
ference in vitamin Bjo potency. These findings are at vaid- 
ance with the conclusion of Anthony et al. (’51) that Holstein 
milk showed a greater concentration of Bjo than Jersey milk. 
They are, however, in accord with the observations of the 
Wisconsin workers (CoUins et al., ’51) who found no notice- 
able difference between Jersey, Holstein and Guernsey milk 
and who came to no contrary conclusion in further studies 
(Collins et al., ’53). Sreenivasamurthy et al. (’50, ’53) ap- 
parently found no marked differences in Jhe vitamin Bjo 
activity of milk from several breeds of Indian cows. 

In some of the above assays, portions of samples were, 
where necessary, stored at about 0°C. for feeding on days 
intervening between collections. From experiment 3, it can 
be seen that storage of raw milk in a household-type refrig- 
erator at this temperature for one, two or three days brought 
about no detectable change in vitamin Bj 2 potency. 

Direct comparison was made in 5 assays between raw and 
pasteurized fractions of each sample collected (experiment 
4). Although in every assay the pasteurized milk was on the 
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ent organisms, B. coli, Ochromonas vialliawensis and L. leicli- 
mannii ATCC 4797, Gregory (’54) obtained approximately 
tbe same results (1.8, 2.3 and 2.9 pg/1, respectively) for the 
vitamin content of a single sample of milk. Most of tbe 
literature values bave been determined vritb L. leiclimannii 

T.ABLE 3 


Fifamfn content of certain miU: products 


PPODT-rT 

PEODIJCT SA3iIPLES Br.AXDS 

TYPE or 

ASSAY 

VTTA^nX Eli: 
COKTZKT 

EEPEEKVCE 







Dried whole 

2 

2 

Normal rat 

36,39 

Present studies 

milk 

1 


Hyperthyroid rat 

25 

Lewis et al. (’49) 


11 


L. leicJiTnannii 

20 

Elvehjem (’50) 

Dried skim 

3 

2 

Normal rat 

37,39,42 

Present studies 

milk 

1 


Chick 

60 

LiUie et al. ('54) 




If, JeichTnannii 4797 

30 

Lillie et aL (’54) 


1? 


If. leiclimamiii 4797 

30 

de Heus and 






de ITam (’51) 

Casein, crude 

2 

1 

Normal rat 

64,70 

Present studies 


1 


Hyperthyroid rat 

30 

Lewis et ah (’49) 


21 


L. leiclimannii 

30,70 

Elvehjem ( ’50) 


11 


If. leiclimannii 4797 

90 = 

de Heus and 






de Iran (’51) 


11 


L. leiclimannii 4797 

104 

Peeler et aL (’51) 

Dried whey 

2 ^ 

2 

Normal rat 

11,33 

Present studies 


3 


Chick 

20,30,30 

Lillie et aL (’54) 


2* 


L. leiclimannii 4797 

10,30 

Lillie et aL (’54) 


Same sample as assayed Trith the chick. 

“ According to the authors, calculated from average value for casein fraction 
prepared from fluid whole milk . 

^ From Cheddar cheese. 

Same samples which yielded 30 and 20, respectively, by chick assay. 

ATCC 4797. The following average figures have been obtained 
(f^o/1) : 5.6, 5.9 and 7.6 (Anthony et ah, ’51) ; 3.1,^” 3.4, 4,1 
and 6.6 (Collins et ah, ’51, ’53) ; 3 (Ford et al., ’53) : 4 (Greg- 
ory et al., ’52) : 3.8 (de Heus and de Man, ’51) ; 4.3 (Karlin, 
’54) ; 6^3 (van Koetsveld, ’53) ; 1.8, 1.7 and 4.1 (Kusoff and 
Haq, ’54). Although comparative data are not presented, 
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Rat growth assay methods for the determination of the 
itamin Bio potency of natural materials involve the use of 
ither the normal rat or the hyperthyroid rat. In the first 
nstance, weanling young, which have been depleted by feed- 
ig their mothers a Bio-deficient diet, are themselves fed a 
imilar diet during the assay period (Cary et ah, ’46; Hart- 
tian, ’46; Zucker et ah, ’48, ’50; Cuthbertson and Thornton, 
52; Sherman et al., ’55; Hartman et ah, ’56). In the second 
ype of assay, stock colony young are made Bio-deficient sub- 
ioqueut to weaning by inclusion of a thyroactive substance 
n a Bio-deficieut ration and are then continued on the same 
ration during the assay period (Register et al., ’49a, b; Emer- 
50n, ’49 ; Frost et al., ’49, ’53 ; Tappan et al., ’50 ; Cheng and 
Thomas, ’51; Scheid et al., ’52), 

Assay methods also vary in the manner of substitution of 
the test material in the assay ration and in the composition 
of the assay ration itself in respects other than the presence 
or absence of thyroactive material. The more important of 
such variations in the assay ration concern the sources of 
carbohydrate and of protein. The protein may be furnished 
by animal protein in the form of casein or by plant protein 

from such sources as soybean meal, corn meal, cottonseed 
meal, or the like. 
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’51; Sreel)ny and Xikiforuk, ’51 : Nikiforuk and Sroebny, ’53; 
and Hunter and Xikiforuk, ’54), In this jn-esent sej-ie.s of 
three experiments with Avhite rats, Ave have studied the effect 
of supplements of ethylene diamine tetraacetie acid (Kl)TA) 
to A-arious diets under ditferent cireumstanees as ti means to 
define the nature of thes(> influences ui riro. 


T.MUd-: 1 




Composition 

of dirts 



IN'tinKniKXT.s 

i:,\TioN i:ation' 

700 770 

UATION J!ATl(t\ 

700 + 700 

0.2C O.IC 

KDTA KOTA 

kation 

770-.- 

0.2 

Kl>TA 

UATION 
770 - 
0.1 C 

KOTA 

Sucroso 

I/tn {fitt 

070 

f/m [/tn 

070 070 

f/m 

ijm 

Lard 

1120 


120 

120 

Casein * with added 
B-eoinplex vitamins = 

240 240 

240 240 

240 

240 

(’aseiu ‘ 

400 


400 

40l» 

Corn oil with added 
vitamins A, }), K. K = 

r»o no 

no no 

no 

50 

Salt mixture = 

40 40 

Ai) 4(t 

40 

40 

Whole liver extract 
(1:20) 

20 


20 

20 

Desiecaled liv(T 

40 20 

4(» 40 

20 

20 

Ethylene diamine tetra- 
aeetic acid (EDTAr 


2 4 

o 

4 


‘ JBordou’s cTudo 
= J. Dent. JG : 47 (1947;. 

‘ Pure ha sod under trad(‘ name Sequestrene, Alrese CMiemioal Co. 


EXPEHIMKXTAL 

The composition of the 6 cliols used in these experiments is 
given in table 1. The experimental plans are listed in the first 
three colimms of table 2. In all eases, weanling littermates 
were distributed with respect to weight and sex as evenly as 
possible among the groups of an ox])erinienl. The I’ats were 
caged in individual Avire-bottom cages Avith their oaa'u food 
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sition : sucrose, 19.12 ; cottonseed meal,'' 69.46 ; DL-methioninc, 
0.40; lysine, 0.40; salt mixture,^ 2.95; cottonseed oil, 7.19; 
fish, liver oil,- 0.11; and added vitamins,^ 0.37. The corn-soy 
ration used in experiments in table 2 and for some of the 
assays in table 3 had the follo'wing percentage composition: 
yellow corn meal, 42.42; soybean meal, 42.42; DL-metbionine, 
0.30; salt mixture (Hawk and Oser, ’31), 4.50; cottonseed oil, 
9.85; fish liver oil,- 0.15; and added vitamins,^ 0.37. Modi- 
fications of these basal rations are indicated in the appropriate 
places in the paper. 

Vitamin Bjo ® and iodinated casein," where fed, were in- 
corporated in the basal rations in the amounts indicated in 
the tables. 

RESULTS AND DISCUSSION 

Tests of the suitahility of certain assay rations 
for measuring the vitamin B12 activity 
of milk products 

Before carrying out comparative assays of the ■vitamin Bio 
activity in milk products, preliminary experiments were run 
to determine whether rats fed the various rations under con- 
sideration would respond only to this vitamin. It seemed pos- 
sible that the assay rations might be deficient in unidentified 
nutrients contained in the test substances or, on the other hand, 
that some component of the test materials might exert a de- 
pressing effect on growth. As an example of the latter effect, 
Ott (’51) found that substituting dried whey or vitamin-free 
casein for cerelose in a Bij-assay ration for chicks led to a 

Screw-pressed meal of low free gossypol content; kindly furnished by the 
Engineering and Development Division, Southern Regional Research Laboratory, 
U. S. Department of Agriculture, Orleans, La. 

Hawk and Oser, ^31, modified to allow for the asli content of cottonseed meal. 
Such modification consisted of removing the potassium phosphate, magnesium 
carbonate, and magnesium sulphate, decreasing by one half the relative amounts 
of potassium chloride and calcium carbonate and increasing by about G4:% the 
sodium chloride. 

* Kindly supplied by Merck and Co., Inc., Kahway, X. J. 

* Kindly supplied by Cerophyl Laboratories, Inc., Kansas City, Mo. 
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cups and water bottles. Tliey were lioused in air-conditioned, 
temperature- and luunidity-controlled rooms. At the (Mid of 
each experiment, the lieads wei*e fixcul in 9y/( alcohol for 4S 
hours, and then skinned. Tlie molar teetli were (‘xamiued and 
tlie lesions in the occlusal sulci evaluated under a l)inocuIar 
microscope (X 30) by i>:rinding successive planes of tin* teeth 
with the lieljj of a running' grinding sloms liy tin* method of 
Shaw et al. ( ’44). 

The lirst experiment was designed to determine* the influ- 
ence of two levels of EDTA on the initiation and i)r()gr(*ssion 
of carious lesions in the occlusal fissures and also u])on the 
initiation of any lesions on the smootli surfaces. A compari- 
son of the influence of a high-carbohydrate di(*t with that of 
a carbohydrate-free diet was included. The s(*con(I experiment 
was conducted to test the influence of sialoadenectomy u])on 
the initiation of EDTA-induced lesions. In both of these ex- 
IDeriments, the subjects used were re])resenlativos of a rela- 
tively highly caries-susceptible strain. Tlie objectives of the 
third experiment were two-fold: first, to determine the in- 
fluence of EDTA in a highly caries-resistant strain of rodents 
and second, to test its influence when introduced into tin* 
stomach by a tube to prevent contact with the oral tissues. 
The basal diet for all groups in this exi)erimont was no. 700, 
The subjects in the first grou]) received no sup])]ement while 
those ill the second group were given 0.4% EDTA in the diet. 
The amount of ration consumed by each rat in the second 
group was determined every 24 hours and the amount of 
EDTA consumed by each rat calculated. This amount of 
EDTA in suspension was given by stomach tube to the re- 
spective litterniates in the third group by the procedure de- 
scribed by Kite et al. (’50), 

KESULTS 

In addition to the carious lesions that ai'c normally found 
ill the occlusal sulci of our caries-susceptible strain of rats, 
the EDTA-fed rats maintained on high-carbohydrate diet 700 
had a different type of lesion on the smooth surfaces. The 



TABLE 1 


Effect of incorporating certain mxlh products^ into rations containing a 
maximan?/ effective amount of vitamin 




AVERAGE WEIGHT OAtX I^’ FOm WT:EKS 

>'o. or lonrxATET) 
niTTEUS CASEIX 

VTTAMrX 

IVithout 

\7ith. milk product 


Lea«t 


milk 

product 

Kot 

adjusted - 

Adjusted “ 

F ^ 

sisnil. 

diff. 

% 

fiCj/^O (nn 
ration 

ffm 

ffm 

ffm 


ffm 

Bfl.saZ ration containing alcohohextr acted casein: 




Dried shim milh: 

0.5 

165 

157 

165 



1 20 0.00 

1.5 

164 

165 


1,2 

, . . 


0.5 

121 

114 

121 



2 6 0.15 

1.5 

134 

110 


3.9^ 

14.1 

Crude casein : 







3 6 0.00 

0.5 

165 


164 

s 


Basa} ration containing sog protein 






Dried shim milh: 

4 16 0.00 

1.0 

195 


1S4 

4.6^ 

10.8 

5 4 0.20 

I.O 

160 


122 

15.1* 

30.3 

Basal ration containing cottonseed 

meal 





Drieel shim miV.-: 







6 » S 0.00 

1.0 

145 

138 


1.3 


7 7 0.25 

2.0 

161 

135 


17.4** 

15.0 

Crude casein; 

8 7 0,00 

2.0 

167 

154 


2.9 


9 7 0.25 

2.0 

161 

143 


22.2** 

9.1 


' Eed at level of 10% in experinients 1, 2, 3, 6 and 7, 19% in expriments S and 
9, and 25% in experiments A and 5. 


‘ Replaced an equal amount of carboliydrate (dextrin in experiments 1 and 2), 
except in experiment 6, where it replaced an equal amount of the whole ration. 

^ Replaced an equivalent amount of carbohydrate (lactose in experiments 1 and 
2), salts, fat and B,,.deficient casein. 

'The symbol ** adjacent to or in connection with a F value indicates statistical 
significance at or less than the 1% level; * indicates significance at the 5% level 
or !)ctween the 5% and 1% levels; no * indicates no statistically significant differ- 
ence. 

"Treatment mean square less than error mean square; therefore not significant. 

* Modified to contain half the quantity of added vitamins. Half the litters in 
experiment 4 received rations containing 1% sulfasuxidine. 

’Mothers of experimental rats were fed similar rations during lactation. AH 
mothers received 1 ^g vitamin per 10 gni ration. 

’ In c.xi>orimcnt 6, the ration was modified at the expense of sucrose to contain 
S0.Sfi% cottonseed meal and 6.7% cottonseed oil. 

• Dried wliole milk fed instead of dried skim milk. 
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In many instaiicos anioni;* 1h(» EDTA-l’od rats, (lilTuso, 
whitish l)oi-dors were ()])sorvod around the inar“*in of the cari- 
ous lesions in the occlusal Iissu!*es. In many ways th(»se 
l)orders strongly resembled the smooth-surface lesions and 
were distinctly dissimilar to the borders of the occlusal lesions 
in rats fed the basal ration 700. Vet at the same tinu» these 
borders were sutTiciently small and in such (‘arly stages of in- 
volvement that they did not seem indicative of more raj)id 
progression in the occlusal lesions. 

The average number of molai's with carious lesions in th(‘ 
occlusal sulci, the average number of these cai*ious lesions 
and the avoi’age extent of these carious lesions and the fre- 
(piency and extent of decalcified lesions on the smooth sui*faces 
among tlie animals i]i file three exi)erimenis are ])resenfed 
in table 2. The I’ats in group 1, of tin* first ex])erimenl which 
were on ration 700, had an incidence of dental caries that 
was typical of intact roi)resentatives of this strain of caries- 
susceptible rats. The values for occlusal caries in the EDTA- 
fed rats of groujjs 2 and 3 liad a tendency to be slightly highei* 
than for the controls in group 1 ; however, tliere was no strik- 
ing statistical significance to these minor increases. As would 
be expected from previous ex])eriments in this laboi’atory with 
carbohydrate-free diets, none of the rats in groups 4 through 
6 developed any carious lesions on the occlusal surfaces. 

No lesions were observed on the smooth surfaces of the 
teeth of the rats in grouj) 1. The molars of the rats in group 
2 had a relatively high incidence of smooth surface lesions 
that were in various early stages of develo])ment. These le- 
sions were relatively early ones that consisted of white, 
opaque, diffuse streaks on the buccal side of the teeth along 
the gingiva. Some of the streaks were soft, others Avere still 
hard. The molars of the rats in group 3 had a greater num- 


DESCRIPTIOX OF FIGURES 

Figs. 1 to 4 Photographs of fixed preparations of white rat inandildes that 
were selected to illustrate the types and stages of smooth -surface lesions ob- 
served in EDTA-fcd subjects. Mag. X 18. Immediately above each figure arc the 
individual scores for the lesions. 
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even tliougli the lot of skim milk powder which was used had 
been found by our regular assay method to contain consider- 
able vitamin Bis. Part of the failure of the rats to respond 
with increased growth was evidently due to the lactose content 
of the sldm milk powder (experiment 3). In three experi- 
ments, Bi;-active crude casein gave somewhat variable re- 


TABLE 2 

Effect of incorporaiinff certain viiXl: products ' into Bii'deficient plant 
protein rations 


EXP. 

xo. or 

niTTEES 

TYPE or 
BASAE 
nATIOX = 


average weight GAIX XX THREE WEEKS 


Xo vitamin B,; 

Vitamin Bj; ^ 


Beast 

ei^if. 

diJf. 

Without 

milk 

product 

With 

milk 

product 

Without 

milk 

product 

With 

milk 

product 




ffm 

pm 

pm 

pm 


pm 

Dried shim milh: 







1 

5 

Soy protein 

54 

54 

77 

73 

6.0** 

15.4 

2 

8 

Com-soy 

41 

61 

93 

86 

25.4** 

13.5 

Lactose: 








3 

8 

Soy protein 

66 

44 

91 

94 

34.9** 

ll.S 

Crude casein : 








4 

8 

Soy protein 

60 

68 

104 

101 

33.7** 

11.5 

5 

G 

Soy protein® 

65 

74 

114 

106 

12.0** 

20.7 

0 

8 

Soy protein 

65,54 *,56 

- 83 



19.1** 

9.1 

7 

6 

Com-soy 

60 

77 

77 

S4 

4.2* 

15.0 

8 

7 

Com-soy 

86 

113 

121 

122 

12.0** 

14.2 


'Ten per cent included in ration. soy protein rations, replaced an equal 

amount of carbohydrate; with com-soy rations, replaced 5% yellow com meal and 
5% soybean meal. 


*Soy protein ration modified here to contain 53.23% sucrose and 31.70% soy 
protein. Tlic rations in experiment S contained no iodinated casein, whereas all the 
others contained 0.15% of this product during the exprimental period. Mothers of 
experimental rats were fed a B^s-deficient purified casein-sucrose ration during lac- 
tation. 

’One microgram in 10 gm ration. 

"See footnote 4, tabic 1. 

^ Ration modified to contain dextrin in place of sucrose. 

* Sufficient additional soy protein substituted for an equal amount of sucrose so 
that protein content of ration was same as that of test ration containing crude 
casein. 

* Bxj-deficicnt extracted casein and sucrose substituted for soy protein. Protein 
content (25%) maintained the same as in soy protein basal ration. 
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ber of smooth surface lesions that were* of more advainced 
stagx's of development. The extent and tin* frecjuency of h*- 
sions on the smooth surfaces had increased (h^finitely with 
the increased concentration of EDTA. However, wln^re EDTA 
supplements to carl)ohydrate-fi‘ee diet 770 were fed to the 
rats in groups 5 and (5, no smooth surface l(‘sions woi*e caused. 
In other words, the carbohydrate-free diet, in addition to 
preventing carious lesions in the occlusal sulci, iidiibited the 
formation of these EDTA-induced lesions on the smooth sur- 
faces. 

The molars of the sialoadenectomized rats in grou])s 4, o 
and 6 of ex])eriment 2 had a much highei- incidence of tooth 
decay than their intact littermates. Xo l(*sions were observed 
on the smooth surfaces of the molars of the intact or sialo- 
adenectomized rats in groups 1 and 4 that were fed oidy the 
basal ration. The incidence of smooth surface lesions in tin* 
intact rats with EDTA sui)plements was observed to be very 
low; howevei*. major and statistically significant increases in 
smooth surface lesions wei*e observed in the molars of the 
sialoadenectomized animals. 

In experiment 3, the rats in grouj) 1 had an incidence of 
dental caries that was tyjiical of this strain of caries-resistant 
rats, when maintained on cariogenic ration 700 for this time 
interval. In addition, no smooth surface lesions Avere ob- 
served. The rats in grouj) 2 which Avere on diet 700 plus 0.49^ 
EDTxV had a comparable incidence of tooth decay and had a 
moderate incidence of smooth surface lesions in A'arious stages 
of doA^elopment. The throe categories of dental decay for the 
rats in group 3, Avhich Avere fed diet 700 Avith sui)i)lements of 
EDTA by stomach tube Avere slightly but not significantly 
loAver than the scores for the rats in groups 1 and 2. Minor 
lesions on the smooth surfaces Avere observed in a few molars 
as Avhite, opaque, diffuse streaks. These streaks Avere faint 
and hard unlike the ones found on the teeth of animals in 
group 2. Both the incidence and extent of occlusal caries and 
of lesions on the smooth surfaces Avere much less frequent in 
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protein, the presence or absence of iodinated casein, the 
manner of substitution of the test products in the basal 
ration and the pre-treatment of assay animals. The lesults 
of the assays are given in table 3. 

TABLE 3 

'Tiiamin potency of one lot of dried slsim milh ond one lot of crude casein, 
as determined l)y various methods of rat growth assay 

DRIED SKm illDK CP.CDE CASEIK 

lODI- — — 

GROUP TTPE or EATIOX FED XATED Assav No. of Tit. Bia Assav Xo. of Tit. Bis 

CASEIN - fitters potency no. litters potency 

1 Alcohol-extracted casein 
basal ration (no. 262) : 


Not adjusted ' 

0.00 

1 

7 

5 

12 

10 

38 

Adjusted * 

0.00 

2 

7 

38 

13 

10 

71,57 ' 


0.00 

3 

9 

11 





0.01 

1 

6 

51 

11 

6 

53 


0.01 

5 

8 

38 




Com-soy basal ration : 

Not adjusted^ 

0.05 

6" 

10 

0 

15 ® 

10 

37 


0.05 

7 

9 

11 

16 

9 

49 


0.15 

8 

9 

10 

17 

7 

36 


0.15 

9 

5 

5 




Adjusted ® 

0.05 

10 

9 

27 

18 

10 

77 


0.05 




19 

9 

61 


0.15 

11 

3 

12 





' Milk product replaced an equal amount of dextrin. 

"Skim milk replaced an equivalent amount of lactose, salts and B^-deficient 
casein. Crude casein replaced an equal amount of B^-deficient casein. 

‘Talues for two different levels. 

* Half of milk product replaced an equal amount of com ; half replaced an equal 
amount of soybean meal. 

* Mothers continued on stock ration after parturition; weanling young depleted 
of B,. by feeding them the com-soy basal ration (with iodinated casein) for two 
weeks before they were placed on assay. In all other assays, assay rats were wean- 
ling young from mothers placed at parturition on a non-thyroactive B^^-deficient 
ration (no. 260 in group 1 and a purified casein-sucrose ration in group 2). 

* In these assays, the basal assay ration fed to the negative controls and to the 
rats administered the reference standard Bj. was modified as follows; in assays 10 
and 11, to contain lactose, salts and Bts-deficient casein equivalent to that in the 
test ration; in assay IS, to contain an amount of B^-deficient casein equivalent to 
the amount of crude casein in the test ration; in assay 19, by adjusting the propor- 
tions of com and soybean meal, to have the same protein content as the test ration. 
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lesions. In addition, supplements of penicillin, terrainyciin 
or bacitracin to tlie diet almost completely ])revented the le- 
sions induced by the feeding of EDTA in the diet (Stephan 
ct ah, ’52; Fitzgerald, ’55). 

These observations suggest that the production of lesions 
by EDTA was not a simple decalcifieation of tooth surfaces. 
In all cases the production or the prevention of these lesions 
closel}’^ paralleled circumstances that led to the production 
or the prevention of carious lesions. From the studies with 
our strains of caries-susceptible and caries-resistant rats, it 
appeared that the EDTA has acted as an additional factor in 
the initiation and progression of caries-like lesions in areas 
where our normal ijrocedures, including the extreme ]ienaliz- 
ing influence of sialoadenectomy, were to a large extent iji- 
etfective. At the present time, it would seem that the EDTA- 
induced lesions on the smoth surfaces of rat molars had a 
high similarity to true carious lesions. One of the perplexing' 
facets of our studios has been the lack of anj' striking influence 
of the EDTA supplements on occlusal caries. INIartin et al. 
(’54) have postulated that chelation may be an imi^ortant 
part of the decalcification of tooth substance. If this postulate 
has any validity, it would be expected to hold for occlusal 
caries as well as for smooth-surface caries. Further definition 
of this comparison will require more exacting experiments 
than have been conducted. 

SUMMARY 

1. Ethylene diamine tetraacetic acid (EDTA), when added 
to a high sucrose cariogenic diet, produced lesions on the 
smooth surfaces of the niolai' teeth of white rats, Avhieh 
grossly resembled simple decalcification. The incidence and 
severity of these lesions increased in proportion to the con- 
centration of EDTA in the diet. 

2. EDTA failed to produce this type of lesion when added 
to a carbohydrate-free, high-protein, high-fat, non-cariogenic 
diet. 
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Of all the factors tested, the most important seemed to be 
the method of substitution of the test products in the basal 
ration. Thus in every instance, higher assay values vere ob- 
tained both for dried skim milk and for crude casein when 
the assay rations were adjusted for the components of the 
test product than when substitution was made for dextrin or 
for corn meal and soybean meal. With the animal protein 
assay ration, such adjustment was easily accomplished with 
the test ration, since the basal ration already contained lactose 
and casein. With the vegetable protein ration, it was neces- 
sary to adjust the basal ration itself (including, obviously, the 
rations containing the Bjo standard) rather than the test 
ration. In the case of crude casein, adjustment was made in 
one case (assay no. 18) by including an equal amount of Big- 
deficient casein in the basal ration and in the other case (assay 
no. 19) by equating the protein level of both basal and test 
rations by adjustment of the proportions of corn and soybean 
meal. The lowered assay values observed when such adjust- 
ments were not made can no doubt be 'attributed primarily, 
if not altogether, to the depressing effect of lactose or an 
increased protein level or both upon growth of rats fed Big- 
deficient diets (Hartman et al., ’49a, b). It may be pointed 
out that in the hyperthyroid rat assay method whereby certain 
literature values for the Bjo-content of milk products were ob- 
tained (Lewis et ah, ’49), substitution of the test product 
was made by a method not very different from the one used 
here that gave low assay values. 

Thus in these comparative assays, essentially the same 
values were obtained with crude casein in all cases when the 
rations were adjusted so as to all have the same protein level. 
IVith dried skim milk, on the other hand, assay values were 
affected not only by the method of substitution of the milk 
but also by the type of ration used, by the method of deple- 
tion of the young and by the amount, although not by the 
presence, of iodinated casein in the ration. 
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glBCuronide, kynurenic acid (Bpoato and Price, ’56) and N- 
inetliyl-2-pyridone-5-carboxamide (pyridone) (Price, ’54) has 
now made it possible to obtain quantitative data concerning 
several other major metabolites of tryptophan. The use of 
these procedures (Brown and Price, ’56) indicated that ad- 
ministration of a supplemental dose of L-tryptopban to man 
was followed by an increased urinary excretion of several of 
these metabolites. 

In an etfort to learn more about the metabolic fate of 
dietary tryptophan, studies have now been done on human 
subjects ingesting a constant amount of tryptophan and nico- 
tinic acid. The use of a constant diet has also made it possible 
to determine the daily variation in excretion of the major 
known metabolites of tryptophan and to determine the rela- 
tive importance of nicotinic acid and these other metabolites. 
In addition, the effect of a single oral dose of 2.0 gm of 
L-tryptopban on the excretion of these metabolites Avas deter- 
mined. These results have been compared with similar studies 
on subjects ingesting self-selected diets (Brown and Price, 
’56). 

EXPERIMENTAL 

Subjects. The 4 subjects used in these experiments Avere 
male laboratory personnel ranging in age from 25 to 35 years. 
One subject Avas Japanese, one Avas from India, AA'bile the 
others Avere Avbite Americans. None of the subjects bad any 
history of neoplastic, renal, gastrointestinal or metabolic 
disease, and all Avere in apparent good health. During the 
studies each subject engaged in bis usual activities. One 
subject AA'as unable to complete the last tAvo days of the ex- 
periment because the amount of food Avas excessive for him. 

Diet. The diet consisted of natural foods listed in table 1. 
The food Avas prepared in the special diet kitchen by the 
hospital dietitians. All the food Avas taken from the same 
individual sources, Avith the exception of milk, lettuce, butter 
and eggs. Thus the canned goods Avere from the same case 
lot, the meat Avas from one beef round, the bread Avas from 
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Folic acid was shown to he a dietary essential for the guinea 
pig hy Woolley and Sprince (’45), a finding which has since 
been confirmed by other workers (Maimering, ’49; Woodruff, 
Clark and Bridgeforth, ’53; Reid, ’53). A marked folic acid 
deficiency, indicated not only by growth failure and short 
survival time hut also by profoundly changed values for 
erythrocytes, hemoglobin, hematocrit, and total leucocytes, 
was produced (Reid, ’54) in very young animals without the 
use of an antimetabolite. Presumably the animals employed 
in the studies of Woolley and Sprince were also quite young. 
Woodruff, Clark and Bridgeforth (’53), using 8-week-old ani- 
mals weighing 250 to 300 gm, produced a deficiency as evi- 
denced by a disturbed blood picture either hy the omission 
of para-aminohenzoic acid (PABA) from a purified diet de- 
ficient in folic acid or by the inclusion of 1% sulfasuxidine 
Avith or Avithout PABA. Wichmann, Sahninen and Eoine 
(’54), using a diet containing PABA, concluded that a dietary 
supply of folic acid Avas not essential because intestinal syn- 
thesis Avas thought to be sufficient to satisfy the folic acid 
requirement. Their animals had an average Aveight of 198 gm 
at the start and presumably Avere about three weeks old. 
The variations in the findings of these investigators have 
probably resulted from both the differences in age at which 


103 



326 


J. M. PRICE, R. R. BROWN AND M. E. ELLIS 


mined by the method of Eosen et al. (’51), and A’'-melhy]-2- 
pyridone-5-carboxamide (pyridone) which was determined ac- 
cording to Price (’54) as modified slightly by Walters et al. 
(’55). 

RESULTS 

The results are given in table 2. The average pyridone 
excretion for the 4 subjects increased somewhat the second 
day on the diet, Avhich suggests that more nicotinic acid was 
being ingested. From the second to the 6th days on the con- 
stant diet the average pyridone excretion was quite constant, 
ranging from 101 to 110 micromoles per day. The 4 subjects 
stabilized at different basal levels of excretion ; for example, 
the average basal excretions of pyridone with standard devi- 
ations for each of the 4 subjects were 80 ± 10, 106 ± S, 
112 ± 11 and 127 ± 5 micromoles per day. For this reason 
the standard deviations shown in table 2 were much larger 
than the standard deviations of each individual’s average 
basal excretion. After ingestion of the single supplement 
of 9.8 millimoles (2.0 gm) of L-tryptophan the pyridone ex- 
cretion of each subject increased, and remained elevated for 
three days. One subject had an unexplained increase in pyri- 
done excretion on the last two da^^’s of the experiment. 

Kynurenic acid excretion varied little from day to day. 
The individual average hasal excretions of this metabolite 
by the 4 subjects were 13 ± 1 , 13 ±: 2, 18 ± 1, and 19 ± 1 
micromoles per day. 

The daily excretion of xanthurenic acid appeared to be 
quite variable on the basal diet, and the average values for 
the 4 subjects were 27 zt 3, 32 rb 7, 38 ± 9, and 51 ± 5 micro- 
moles per day. However, with low levels of xanthurenic acid 
this method of analysis gives somewhat variable results 
(Eosen et al., ’51). There did appear to be a slight increase 
in xanthurenic acid excretion following the supplementation 
with tryptophan. 

In agreement with the results of Brown and Price (’56) 
aromatic amine “Fraction A” was not affected by ingestion 
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before the 5tb day on the diets. Between tbe otb and 21st 
day an occasional animal (an average of two out of 100) 
succumbed for reasons other than tbe type of diet (e.g., broken 
leg, protruding intestine). Tins accounts for some of tbe 
groups reported in tbe tables baying less than 6 or 8 animals. 

For tbe collection of blood samples a modification of tbe 
method of Yallejo-Freire (’51) was used. A foot was beld 
in warm water (45 to 47°C.) for 20 seconds to dilate tbe ves- 
sels and promote tbe blood flow after which a cut was made 
in tbe soft tissue near tbe insertion of tbe nail. Bleeding was 
stopped by tying otf tbe toe above tbe cut. 

EESULTS 

Groivtli and survival ivitli different dietary 
levels of folic acid 

Tbe average weights ^ at successive periods and tbe num- 
ber of survivors, with levels of folic acid ranging from none 
to 2000 mg/kg of diet, are shown in table 1. With no folic 
acid in tbe diet there were no survivors in some experiments, 
Avbereas in others there were one or tivo at the end of tbe 
6-week experimental peidod. With 1 mg of tbe vitamin per 
kilogram of diet, one-fourth of tbe animals survived. ITith 
2 or 3 mg, survival was much improved but maximum growth 
was not attained. "With 6 mg of fobc acid growth was maximal 
and all of the animals survh'ed. Growth at tbe 10 and 15 mg 
levels Avas not greater than at 6 mg. One animal in tbe 15 mg 
series died after a short illness, apparently of pneumonia. 
Since tbe tests Avitb tbe 2000 mg level Avere made Avitb the 
Beltsville strain of guinea pig, a someAvhat smaller type than 
tbe Hartley strain, tbe groAvtb rate of this group is not directly 
comparable Avitb that of the Hartley strain. HoAvever, tbe 
aA’erage Aveigbts of the Beltsville group at tbe 2000 mg level 
slightly exceeded, though not significantly so, those of the 

Since tile variations in n-eiglit from test to test were no larger than tbe vari- 
a ions among animals on tbe same diet on tbe same test the results from all tests 
on tne same diet ivere pooled. 
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of single closes of L-liyptoplian. The nature of the diazotiz- 
able aromatic amine in this fraction is unknown (Brown and 
Price, ’56). 

The average daily basal excretion of anthranilic acid glu- 
curonide was 3.0 dz 0.6, 3.3 ±. 0.1, 5.2 ± 0.7, and 5.3 ±: 0.4 
micromoles ; of o-aminohippuric acid 17 dr 1, 26 dr 4, 31 dr 2, 
and 31 dr 2 micromoles; of i\''’-acet)’-llcynurcnine 12 dr 1, 12 dr 

TABLE 3 


A comparison of ihc urinary cxcrriion of tryptophan mctaholitcs hy subjects on 
the constant diet and on self -selected dirt 


MUTATlOLITn 

.vvi:k.\ok micuomom:-; 
rXCKKTKl) i'i;u 

M’ItJKCT I'KH I»\Y 

AVKRAOr, JIICROMOI.r. 
ISCItKASK IS KXCRK- 
TION AFTKi: O.e MinU* 
MOi.r nosK OF 
I.-TRVPTOIMIAN 

Conslnnl 

<lirt 

SrU- 

Girt 

ConMnnl 

diet 

SrU- 

!!elrcte<l 

diet 

Pyridone 

lOG 

I3G 

76 

103 

Kynurenic acid 

IG 

IG 

51 

51 

Xanthurenic acid 

37 

75 

13 

11 

Anthranilic acid glucuronide 

4 

G 

o 

3 

o Aminohippuric arid 

2G 

27 

31 

23 

Acety Ikynur en i n c 

15 

9 

4 

4 

Kj'nurenine 

13 

IG 

30 

IS 

Total 

217 

285 

207 

213 


Brown and Price ( ^5G). 

• The average basal excretion of the metabolites includes days two to G on the 
constant diet and two days before tryptophan supplementation for the subjects on 
self -selected diets. Tlic increased excretion of py rid one was calculated for a 4* or 
two-day period after administration of the supplemental tryptophan on the con- 
stant and self-selected diets, respectively. The increased excretion of the other 
metabolites included only the first 24 hours in both experiments. 

2, 17 dr 3, and 17 dr 3 micromoles ; and of Icynurenine .9 dz 1, 
17 dr 2, 16 d: 3, and 17 dr 2 micromoles for each of the 4 sub- 
jects. There was a slight increase in the excretion of each 
of these aromatic amines following the administration of the 
single dose of tryptophan, except that one subject failed to 
show an increased excretion of acetyllcynurenine. This sub- 
ject excreted more Icynurenine than any of the other subjects, 
and may not have been as efficient in acetylation of this meta- 
bolite. 
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bone marrow was detected in histological studies by Dr. G. 
L. Fite.'* The most outstanding signs of the deficiency were 
found to he in the blood picture as described in the following 
section. 

Blood studies of animals maintained on different 
levels of folic acid 

The results of these investigations are summarized in table 
2. Insofar as was possible the blood studies were made near 
the end of the 6th week of the dietary regime. However, 
because of the short survival time of the unsupplemented' 
controls and of the group receiving 1 mg of folic acid per 
kilogram of diet, blood studies of these animals had to be 
made considerably earlier. Since there were only 4 survivors 
in the no folic acid group, the values here shown may not be 
representative of the average picture. Other results for this 
group are shown later. The values found for the two groups 
(receiving no folic acid or 1 mg/kg) suggest a very poor 
condition with respect to both the red and white cells. With 
2 mg of folic acid, the hematocrit was much improved and 
the leucocyte count was twice that found at the 1 mg level. 
With 3 mg/kg the values for the hematocrit, hemoglobin and 
erythrocyte counts appeared to be close to normal but the 
leucocyte number was not more than half that found at the 
higher levels of folic acid. The 6 mg level appeared to be 
adequate for producing normal blood values. Ho significant 
differences were found in either the red or white cell picture 
at folic acid levels of 6, 10, 15 and 40 mg. 

Rate of development of folic acid deficiency 
symptoms in the blood 

To obtain better information as to the rate of onset of the 
deficiency symptoms blood studies were made after varying 
poiiods of time on groups (6 to 8 animals) receiving no folic 
acid or 1, 2, 3 and 6 mg/kg of diet. The fii-st determinations 

Laboratory of Pathology and Histochemistry, National Institutes of Health. 
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cient to account for about 85% of the esUnmted dietary 
niacin. On the basis of (be studies by "Walters et al. ( ’55) one 
might predict a conversion rate of tins magnitude. Frazier, 
Prather and Hoene (’55) studied niacin metabolism in human 
subjects on a diet similar in niacin and tryptophan content 
to the present diet, and found that considerable amounts of 
Wmethjd-nicotinamidc were excreted. If the present subjects 
excreted similar amounts of this metabolite, over 100% of 
the dietary niacin would have been accounted for. This sug- 
gests that some tryptophan may be converted to niacin on 
a diet such as that used in the present studies. The urinary 
excretion of appreciable amounts of a number of the appar- 
ent by-products of the conversion of tryptophan to nicotinic 
acid also suggests that the subjects were using this metabolic 
pathway to some extent. The extent of the conversion of 
tryptophan to niacin on a natural diet presumably adequate 
in each might be diffcult to obtain without the use of isotopes. 

The pyridone excretion by the subjects studied by Frazier 
et al. (’55) would account for less of the dietary niacin than 
that which was accounted for in the present experiments. On 
a diet containing 16.3 mg of nicotinic acid and 1.12 gm of 
tryptophan the average pyridone excretion of their subjects 
Avas only 9.59 mg, which was enough to account for only 
about 48% of the dietary vitamin. However, Fi'azier et al. 
(’55) used a diet which AAms othei-wise different from that 
used here. They also used female subjects and a different 
method for the determination of the pyridone. 

From the data in table 3 it would appear that the pyi'idone 
Avas the chief urinary metabolite of tiyptophan AA’’hen a single 
supplemental dose of 2.0 gm of the amino acid was admin- 
istered. From the increased urinary excretion of the other 
tryptophan metabolites, however, it would api^ear that con- 
siderable tryptophan Avas lost in side reactions along this 
patliAvay. Kynurenic acid was of most quantitative signifi- 
cance in this respect, folloAved closely by o-aminohippuric 
acid and lynurenine. That these other metabolites of tryp- 
tophan are by-products of the pathAvay leading to niacin 
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ivere made on the no folic acid, 1, and 2 mg groups after 
approximately two weeks on the diets and on the 3 and 6 mg 
groups after three weeks. The results (table 3) show little 
difference between the groups in the blood picture at this 
time but by the end of the third week the blodd condition 
of the no folic acid group had deteriorated markedly, so much 
so that further tests were not possible. By the end of the 

TABLE 3 

Changes in weight and in hlood picture in relation to time and the folic acid 
content of the diet (6-8 anivxals per group) 


rOLTC ACID ( m^/kg) 


0 

1 

2 


3 

6 


Bays on diet 

(a) 

13 

14-17 

14-17 

21-24 

21-24: 

(b) 

21 

27-30 

27-30 

35-38 

35-38 


(c) 



42 

49 

49 

Weight, gm 

(a)' 

146 

156 

159 

207 

219 


(b) 

174 

220 

258 

295 

304 


(') 



339' 

376 

386 

Hematocrit, % 

(a) 

41.9 

42.3 

41.3 

42.0 

45.4 


(b) 

35.7 

30,4 

35.9 

41.1 

44.9 





39.3 

43.1 

44.5 

Hemoglobin, gm/100 ml 

in) 

14.37 

13.95 

13.63 

14.43 

14.50 


(b) 

13.93 

10.18 

11.76 

13.15 

14.52 


(c) 



12.99 

13.77 

14.16 

Erythrocytes, 

(a) 

6.27 

6.00 

5.55 

6.25 

6.13 

cells X lOVmm* 

(b) 

5.56 

4.07 

4.73 

5.74 

5.70 


(c) 



5.66 

6.14 

5.57 

Mean corpuscular 

{n) 

66.9 

70.3 

74.0 

68.2 

75.4 

volnine, 

0>) 

65.1 

77.5 

75.6 

72.1 

79.4 





69.7 

70.1 

77.5 

Total leucocytes. 

(n) 

3225 

3877 

4410 

3475 

3508 

cells/ mni^ 

(1>) 

1722 

2015 

2190 

2433 

4400 


(c) 



2800 

2840 

4350 

Granulocytes, 

(a) 

1587 

1C27 

1S30 

1375 

1117 

ccUs/mm’ 

(b) 

364 

641 

530 

642 

1717 


(c) 



1010 

940 

1S17 


' after days on diet shown in (a) abovo^ etc, 

-• Increase in weight and improvement in blood picture resulted from coprophagv. 
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L-tryptoplian was given as a single oral dose and the excretion 
of the metabolites was detei’mined for 6 more days. 

On the constant diet about 16 mg of pyi-idone were excreted 
per day. The other metabolites of tryptophan accounted for 
2.5% of the amino acid. 

Following the ingestion of a single 2.0 gm supplement of 
tryptophan the pyridone excretion increased to an extent 
which would account for about 0.8% of the dose. The increase 
in the excretion of the other metabolites accounted for 1.3% 
of the supplemental tryptophan. Kjmurenic acid, o-amino- 
hippuric acid, and lamurenine were important urinary metabo- 
lites of the oral supplement of amino acid. Xanthurenic acid, 
acetjdicjmurenine, and anthranilic acid glucuronide were minor 
metabolites by comparison. 

A comparison of these results with data of a similar nature 
obtained with human subjects on a self-selected diet sug- 
gested that a constant diet was not necessary for quantitative 
studies on the metabolism of supplemental doses of tryp- 
tophan, unless the conversion to nicotinic acid and its me- 
tabolites was of particular interest. 
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the diets of one set of each of these three groups 100 mg of 
PABA ^Yere added. 'With no folic acid in the diet the addition 
of P AB A was beneficial both as to growth and survival as 
is shown in table 4. With 2 mg of folic acid per kilogram, 
the addition of PABA appeared to have a slight beneficial 
effect on growth up to the 4th week but thereafter the diffei*- 
ence faded out. With the 10 mg level of folic acid no beneficial 
effect of the PABA was seen during any part of the experi- 
mental period. 

Effect of variations in the ascorbic acid level 
in inflnencing the response to different 
levels of folic acid 

Groivth and survival. Four experiments were conducted 
with ascorbic acid levels ranging from none to 5 gm/kg of 
diet with folic acid levels varying from none to 10 mg/kg. 
The general plan of the experiments and the results with 
respect to growth and survival are shown in table 5. De- 
ficiency of both vitamins had a greater retarding effect on 
growth than the deficiency of either vitamin alone. The double 
deficiency shortened the average survival time to 19..5 days 
as compared to 24 days for a deficiency of folic acid alone and 
26 days for a deficiency of ascorbic acid alone. In agreement 
with the results of Silverman and Alaekler (’51), folic acid 
did not have an antiscorbutic effect. With a diet lacking folic 
acid, the addition of as much as 2 gm of ascorbic acid per 
kilogram of diet resulted in no apparent unprovement over 
that obtained with only 50 mg, an amount known to be suffi- 
cient to prevent macroscopic symptoms of scurvy but insuf- 
ficient to permit the development of a normal tooth structure 
(Reid, ’54). With 1 mg of dietary fohe acid the survival time, 
with only 50 mg of ascorbic acid, was slightly less than witli 
higher ascorbic acid levels. At this folic acid level no differ- 
ences in growth and survival were observed in the 1 ^25 
and 5gm levels of ascorbic acid. ^Yith 6 and lOmg/k^ 
folic acid and 1 and 5 gm levels of ascorbic acid the gi'owth 
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difference, if any, between the counts at the two ascorbic 
acid levels. Since the number of determinations under any 
one age and set of conditions was small (2 to 5), the leuco- 
cyte values for the entire period were averaged. 

TABLE 6 

Total number o/ teitcoct/tes as affected 61 / the amounts of folic acid 
and ascorbic acid supplied 
(8 animals per group) 

LEUCOCVTES (cells/mm^) 

rot-ic ACID AITD — 

ASCORBIC ACID Davs on diet 


sirppniED 



28 

35 

42 

51-61 

66-68 

Average 

Folic acid, £ mg/bg 
and 

Ascorbic acid 

100 mg/hg 

SOO mg/}:g 

2875 

3675 

2725 

5025 

3400 

4300 

3025 

3700 

3125 

4900 

3030 

4320 

Folic acid, 4 mg/kg 
and 

Ascorbic acid 

100 mg/kg 
£00 rag /kg 

4275 

4525 

4475 

3725 

4175 

5125 

4725 

4533 

4000 

5475 

4330 

4677 

Folic acid, 6 mg/kg 
and 

Ascorbic acid 

100 mg /kg 
£00 mg /kg 

4500 

5025 

5100 

6900 

5400 

4337 

4812 

5200 

4600 

5725 

4882 

5437 


DISCTjSSIOX 

The young guinea pig quickly develops folic acid deficiency 
by the mere exclusion of the vitamin from the diet. The possi- 
bility of avoiding the use of antimetabolites, with the danger 
of resultant complications, should make the guinea pig a 
useful animal for studying the physiological action of this 
vitamin. 

The young guinea pig appears to have a higher requirement 
foi folic acid than any other animal thus far studied. Durino- 
the present investigations which have extended over a period 
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Researcli Council, which for more than 25 years has been 
engaged in research on the physical, idiysiological and psy- 
chological growth and develoiiment of a group of children in 
the Denver area. These children, who come from “upper 
middle class” familes, have been voluntarily enrolled in the 
study by their parents and are under the care of pediatricians 
in i^rivate practice. Since the purpose of this organization is 
research rather than tlierapy, no attempt has been made by 
the Council staff to influence the food intake of the children. 

The nutrition data are based on a series of histories ob- 
tained by interview during home visits, with 4 consecutive 
24-hour intakes recorded by the nutidtionist and the mother. 
Histories are taken at monihy intervals during the flrst 6 
months of life and thereafter at intervals of three months. 
Nutrients are calculated from food value tables (Bowes and 
Church, ’56; U. S. Department of Agriculture, ’48 and ’50). 

The data in this paper represent 1008 histories on 64 chil- 
dren (30 boys and 34 girls) who now range in age from 6 
months to 12 years. Only the first 5 years of life are included. 
Intakes of breast-fed infants during the period of such feed- 
ing and two single histories on older children who had ill- 
nesses of sufficient severity to decrease markedly their food 
consumption during an entire three-month period have been 
excluded; all other histories taken during this age span on 
these 64 children have been included. 

EESUT..TS AND DISCUSSION 

Because the intakes of this group show a skewed rather 
than a normal distribution, the data are presented as 25th, 
50th and 75th percentiles rather than as means and standard 
deviations. The percentile curves have been smoothed visu- 
ally. The highest and lowest intakes obsei'ved are also in- 
dicated to give a picture of the very wide range in intake 
among children who are healthy and whose growth rates are 
satisfactory. 

The dietary intake of vitamin A is presented as total intake, 
with separate figures for the contribution of animal and plant 
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obtained was 6 mg/kg of diet. However, the minimuin require- 
ment may be somewhat less than this amount since in the 
early phases of these investigations no levels were run be- 
tween 3 and 6 mg. This high requirement of folic acid for 
the production of the normal leucocyte picture is similar to 
the findings of Campbell, Brown and Bennett (’44) for the 
chick. However, they found a 10-fold higher requirement for 
normal leucocyte production than for growth. The difference 
between the folic acid requirement for growth and for leuco- 
cyte production in the guinea pig is much less but may be as 
much as two-fold. More study is necessary before a more 
exact quantitative relationship can be stated. Although the 
growth rate was close to maximum at the 3 mg level, there 
usually were some fatalities in these groups. Presumably the 
leucocyte number and possibly antibody production also were 
not sufficient to give adequate protection against spontaneous 
infection. That folic acid plays an important role in protecting 
the animal against bacterial infection has been well demon- 
strated (Little, Oleson and Roesch, ’50; Ludovici and Axelrod, 
’51; IrYertman, Crisley and Sarandria, ’52; Asenjo, ’54). 

The only other study on the relation of folic acid to growth 
and the maintenance of a normal blood picture in the guinea 
pig is that of Woodruff et al. (’53) in which they found that 
3 mg/kg of diet were adequate to prevent blood changes for 
at least 8 weeks. However, it did not permit a daily growth 
rate equal to that of a commercial stock diet. Two factors 
contribute to the apparent discrepancy between their re.sults 
and ours ; namely, they started their tests with much heavier 
and older animals and their basal diet contained PABA. An 
additional third factor may be that of a difference in genetic 
strain of the experimental animals. In comparison Avith the 
blood values found in our animals, theirs had lower erythro- 
cyte counts, slightly lower hemoglobin values, higher hemato- 
crits and greater volume of the red cells. 

In common with other animals (Bethell, ’54), the guinea 
pig appeared to have a high tolerance for folic acid (2000 
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Hamilton and Stewart, ’53) in not requiring an abundance 
of ascorbic acid to effect the conversion. 

SUAIAIABY 

Folic acid deficiency can be produced in the young guinea 
pig by the mere exclusion of the vitamin from the diet. 

Folic acid deficiency is characterized by retardation of 
growth, gradual loss of appetite and activity, weakness, 
tendency to diarrhea, profuse salivation in the late stages, 
tendency to fatty infiltration of the liver and adrenal hemor- 
rhages, an aplastic condition of the bone marrow, leueopenia 
and anemia. 

The young guinea pig has an unusually high requirement 
for folic acid. From 3 to 6 mg of the vitamin per kilogram 
of diet is the minimum requirement for growth and the pro- 
duction of the normal red blood cell picture. The require- 
ment is higher (6 mg or more) for producing and maintaining 
a normal leucocyte count. In the presence of 2 mg or less 
per kilogram of dietary folic acid, 200 mg of ascorbic acid 
per kilogram stimulates the production of leucocytes. With 
M'cspect to growth and survival, ascorbic acid does not spare 
folic acid. 

Added PABA is not a dietary essential for the guinea pig 
but it has an important supplementary value if the dietary 
supply of folic acid is inadequate. 

At the age of 6 weeks the Hartley strain guinea pig reared 
on a complete diet had the following average blood values: 
hematocrit, 42.4; hemoglobin, 14.3; erythrocytes, 5.65; mean 
corpuscular volume, 75; total leucoevtes, 4800; granuloevtes 
1400. 
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111 figure 1, ill wliieli the medians of these vitamin A sources 
are shovn for comparison with each otiier, it may be seen that 
the curve representing total dietary vitamin A reflects the 
marked peak in plant sources. In considering the proportion 
of total dietary vitamin A vhicli is supplied by plant sources, 
one finds that the level, which is at zero during the first two 


MEDIAN VITAMIN A INTAKE 



the Recommended Dietary Allowance in the iirst 5 years of life. 


months, rises rapidly to 60% by one year, decreases to 40% 
by two and one-half to three years, then rises to nearly 50% 
by 5 years. However, at each age level there is a very wide 
range from minimum to maximum ; for example, at two and 
one-half years the range is from 10 to 80% and at 5 years 
from 20 to 68%. Even though some additional carotene is 
supplied by animal foods, it seems unlikely that as much as 
two-thirds of the vitamin A in the diets of these children is 
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of intake, they are typical of the group in that there is a 
tendency for each individual child to maintain a fairly con- 
stant position in the group. The only marked sex dilTerences 
in this age span occur hetveen 6 months and tliree years. The 
hoys shoAv a higher intake of plant sources at the end of the 
first year and a greater drop in both animal and plant sources 
during the early preschool period than do the girls. 

Concentrates of vitamin A, with at least one other vitamin, 
are given to those children approximately two-thirds of the 
time during the first 5 years of life. The average child in our 
series who has reached his 5th birthday has received a vitamin 
concentrate 64% of tlie time, although the range is from 17 
to 98%. It should be noted, howevei', that only in a few cases 
is the concentrate given daily; the average frequency is 4 to 
5 times weekly. The frequency has boon determined at each 
history so that the proper adjustment of actual intake could 
be made. When the vitamin A supplied by concentrates is 
added to the dietary intake, the total is far in excess of tlio 
Eecommended Allowance. At one year, for example, the me- 
dian total intake is 6 times greater than the AlloAvanco, and 
by 5 years it is still two and one-half times greater. Of more 
concern is the fact that approximately 10% of these children 
have received intakes 10 to 15 times higher than the Allowance 
throughout the first year. Although no symptoms of hyper- 
vitaminosis A have been observed, the intake seems far in 
excess of need. Indeed, dietary sources alone supply adequate 
amounts of vitamin A for the majority of these children. In 
the past few years there has been a tendency toward use of 
vitamin preparations lower in Antamin A content than j^rcA’i- 
ouslj". BetAveen 1946 and 1949, 62% of tliese children Avere 
giA'en concentrates containing more than 10,000 1.U. of Auta- 
min A per 10-drop dose, Avith additional Autamin D ; since 1950 
this has dropped to 8%, Avith the remainder of the children 
recciAung concentrates Avith 5000 1.U. of Autamin A per 10 
drops, most commonly nmlti-vitamin preparations. 

Intake of vitamin D is presented in table 3. The leA^el is 
high during the first year, due both to concentrates and to the 
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TWO FIGURES 


The concentration of thiamine in a food does not neces- 
sarily indicate how well that food will serve as a dietaiy 
sonxee of this essential nutrient. The physiological avail- 
ability of the thiamine in a particular food may he influenced 
by factors such as other components of the diet, a change in 
the intestinal microflora or the absence of some factor needed 
for utilization of thiamine. Parsons et al. (’45) reported that 
live yeast cells ingested by human subjects competed with the 
host for dietary thiamine. Green and co-workers ( ’41) found 
that foxes died of thiamine deficiency when certain raw fish 
were inclnded in an otherwise thiamine-adeqnate diet. Mel- 
nick et al. (’45) found that thiamine was destroyed in the 
intestinal tract when raw clams were eaten. Later work (Sea- 
lock and Davis, ’49) showed that raw fish and clams contain 
the enzyme thiaminase which catalyzes the hydrolytic splitting 
of thiamine into the pyrimidine and tliiamine moieties. Ens- 
minger et al. (’45) found that pigs fed natural rations de- 
posited thiamine in the tissues more efficiently than pigs on 
purified rations; they believed that certain factors present 
in the natural rations but not supplied in the purified rations 
were needed for optimal utilization and deposition of thiamine 
in the animal tissues. 

* Published with the approval of the Director of the Idaho Agricultural Experi- 
ment Station as Research Paper no. 403. 

’Present address: 809 East Sth Street, Moscow, Idaho. 

* Present address: 141G North 13th Street, Boise, Idaho. 
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TABLE 4 

Ascorbic acid intalce of children from birth to 5 years of age 
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The test foods replaced comparable foods in tbe control 
diet — potatoes replaced broAvn rice and whole wheat bread, 
lamb replaced meat loaf and peanut butter — so that approxi- 
mately one-third of the day’s thiamine intake came from the 
test food. The potato test diet contained 200 gm of baked 
potatoes and the lamb test diet 120 gm of roast lamb at each 
of two meals. The lamb-and-potato test diet contained 200 gm 
of potato and 120 gm of lamb at one meal. The control diet 
contained, by analysis, 0.88 mg of thiamine, the potato test 
diet, 1.01 mg, the lamb test diet, 0.79 mg, and the lamb-and- 
potato test diet, 0.85 mg. Each test diet was eaten for a tAVO- 
day period. This short test period was used to give a measure 
of the availability of the thiamine in the test foods as they 
are used in an ordinary diet. The test-diet periods Avere pre- 
ceded, separated and folloAved by tAvo-day periods on the con- 
trol diet. The series Avas concluded Avith a period in which 
unenriched Avhite bread and AA^hite rice replaced the Avhole 
Avheat bread and broAAm rice in the control diet, and pure 
thiamine AA’as given to make the total thiamine intake equal 
to that on the control diet. 

Complete 24-hour urine collections were made throughout 
the study. The collection bottles contained a preservative of 
acetic acid and ethyl alcohol; aliquots for assay Avere re- 
frigerated under toluene. Thiamine determinations on the 
foods and the urine samples were done by a modification of 
the thiochrome procedure of Hennessy and Cerecedo (’39) 
using the Coleman photofluorometer. 

Residis 

The data for thiamine intake and excretion of each subject 
during the periods on the test diets and the control diet are 
given in table 1. The percentage excretion is shoAvn graphi- 
cally in figure 1. 

For all SAAbjects in series A, less thiamine Aras found in the 
24-hoAAr urine samples Avhen potatoes Avere the important 
source of thiamine than when any of the other experimental 
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preschool period. There is, instead, a plateau followed by a 
slight rise. The intakes of individual children maintain a 
remarkable constancy of position in the group. For example, 
a child whose intake at two years is at the 25th percentile of 
the group tends to maintain a similar level through 5 years. 

SUMMAIiV 

Data have been presented from lOOS nutrition histories on 
64 cliildren in the first. 5 years of life. Intakes of vitamins A 
and D and of ascorbic acid have been computed in terms of 
quartiles and of maximum and minimum levels observed. 
Some individual patterns of intake of vitamin A are shown. 

The intake of animal sources of vitamin A shows little vari- 
ation from age to age and a relatively small range at any age. 
The intake of plant sources, however, shows much more valua- 
tion; there is a marked peak at the end of the first year, a de- 
cline in the second and third years, and a rise following three 
years of age. After the first 4 months, plant sources supply 
an average of 40 to 60% of total dietaiy vitamin A. i\iter 
the first three months more than three-fourths of these chil- 
dren exceed the N. R. C. Recommended Allowance in vitamin 
A intake from diet alone; in addition, vitamin concentrates 
are given an average of 64% of the time. 

The median vitamin D intake increases to a peak of 1000 
I.U. daily at 4 to 6 months, than decreases to a level just be- 
low 400 I.U. daily by 5 years. 

During the first 6 to 9 months most of the ascorbic acid in- 
take is from ascorbic acid preparations rather than from diet ; 
thereafter diet supplies an increasingly lai’ger amount. After 
two years the Recommended Allowance is approximately at 
the 25th percentile level of observed intake from diet alone. 
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not significantly difi'erent from tliat excreted during the cor- 
responding periods on the control diet. 

The first part of this study was repeated. The I subjects 
in series B also excreted less tliiamine on the potato test-diet 
than on the control diet (an average of 19.5% for the control 
periods and 15.2% for the potato test-period). Statistical 
analysis of the data showed that these differences were highly 
significant. 

SERIES A 

BF IH KP 

20 
10 




Fig. 1 Percentages of the thiamine intake excreted in the urine human 
subjects on o test diets. 


Because potatoes j-ield an alkaline residue, it was postu- 
lated that the potato test-diet might have changed the pH of 
the urine sufficiently to cause destruction of thiamine while 
the urine was in the bladder. Solutions of thiamine in 
Na.dlP 04 — KH 2 PO 4 buffers at pH 6.79 and lower retained 
96% of the thianune after one hour at 37= C.. but the solution 
at pll 6.S3 retained only S 0 %. A urine sample with a pH of 



THIAMINE AVAILABILITY 


127 


The dry feed in the control diet had the folloAving compo- 
sition in pounds : barley, 30 ; oats, 30 ; wheat, 25 ; sun-cured 
alfalfa, meat meal and fish meal, 3.3 each; bone meal, 0.5; 
skimmilk powder, 50. For the dry feed in the test diets, the 
amounts of barley, oats and wheat were reduced by one-half, 
the alfalfa, meat meal and fish meal were increased to 5.0 lb. 
each and the bone meal and skimmilk powder remained the 
same. The control-diet dry feed, which all pigs received for 
an adjustment period of 7 days, was mixed with water in a 
1 ; 2 ratio. The test diets were fed in the ratio of one part 
of test-diet dry feed, two parts of cooked test-food (potatoes 
or brown rice) and three parts of water. One pound of the 
control-diet dry feed contained essentially the same con- 
centration of nutrients as % lb. of the test-diet dry feed plus 
111b. of cooked test-food. The concentration of nutrients in 
the three diets was calculated to exceed the nutrient allow- 
ances for swine recommended by the National Research Coun- 
cil (’50). The potatoes and rice were cooked daily and re- 
frigerated until used. Thiamine losses during 24-hour storage 
were negligible for the rice and did not exceed 10% for the 
potatoes. 

The pigs were housed in the individual metabolism cages 
described by Lehrer and "Wiese (’53). They were fed 4 times 
a day at 4-hour intervals ; water was otfered after each feed- 
ing. Special feeding pans, designed to minimize feed losses 
from spilling, consisted of loaf pans mounted in shallow drip 
pans on heavy boards. The dry feed, test food and water 
were thoroughly mixed in the pans, in amounts based on the 
quantity of food each pig had eaten at the previous meal. 
The pans were weighed before and after each feeding to de- 
termine food intake. The pigs were weighed weekly. 

In the first group of pigs, 5 were 4-week-old Poland China 
litter-mates and hvo were 54-week-old Duroc litter-mates.^ 
The 7 pigs in group 2 wore 4-week-old Durocs from a single 
litter. 

* A liiph mortalitT r.ntc in tlic Poland China litter referred for this studr made 
the substitution of tlio two Durocs jiccossnrv. 
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known to produce a very liigli incidence of exudative diathesis 
(Scott et ah, ’55). The control group received this diet supple- 
mented with a high level ” of vitamin E. 

Blood was obtained by cardiac puncture, 1 ml being re- 
moved into a hypodermic syringe which had been rinsed with 
a heparin sodium solution.^ The blood was then transferred 
to a tube containing one drop of the same heparin solution 
and mixed gently by swirling. Initially, the exudate Avas col- 
lected (from the same chicks as the plasma) by killing and 
skinning the chicks and then asjiirating the fluid into a 
heparin-rinsed syringe, the rest of the procedure being the 
same as for the blood. Later, in an effort to preserve the 
chicks for subsequent examination, the exudate Avas remoA^ed 
by perforating the skin Avith a 20-gauge hypodermic needle 
and expressing the fluid into the collecting tubes. 

Total protein Avas determined by a semi-micro modification •' 
of the biuret method of Gornall, BardaAvill and David (’49). 
Hanging strip paper electrophoresis Aims employed using a 
“Durrmn Type” cell® (Durrum, ’.50; Block et ah, ’55; Wil- 
liams et ah, ’55). The buffer system Avas sodium barbital- 
barbituric acid of ionic strength 0.075 and pH 8.6. A sample 
of plasma or exudate (0.01ml) Avas applied to each strip of 
Whatman no. 3]\n[ filter paper. The separations Avere carried 
out for 16 hours at a constant current of 5 milliamperes for 8 
strips in parallel, after A\diich the strips Avere dried and stained 
Avith bromophenol blue as outlined in the technical manual pro- 

* 20 mg of d-a-tocophervl acetate per pound of diet, 

* ''Heparin Na for Injection. ^ ^ Lcderle Laboratory Division of America 
Cyanamid Corp. 

“The protein solution was mixed with enough water to make 1.5 ml and an 
ocpial volume of l)iurot reagent was added. After incubation at 38° for 15 
minutes, the sample was read at 540 m^i in the Beckman Spectrophotometer against 
a reagent blank (1.5 ml of H.O, 1.5 ml of biuret reagent) which had also been 
incubated. Ono milligram of iirotein — D540 of 0.095. The upper limit of de- 
termination is 2.0 mg of protein, which produces a D540 of 0.190. From tlie 
unpublished notes of D G. Goldman appearing in the ^lethods Kanual, 

Institute, University of Wisconsin. 

“"Model B" paper electrophoresis apparatus manufactured by Specialized 
Instruments Corp., Belmont, Calif, 
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TABLE 2 

TTeiglit gain of pigs on experimental diets 



PIG 

XUJfBER 

SKX 

DIET 

VTEIGHT 

When 

received 

Final 

WEIGHT 
GAIK OS 
TEST DIET 





Ib. 


lb. 

Group 1 

PoJand China 

4 

P 

Control 

S 

20 

11 


1 


Eice 

I2i 

254 

12 


3 

F 

Rice 

12 

23 

11 


0 

U 

Potato 

12 

24 

11 


6 

P 

Potato 

13 

28 

14 

Buroc 

o 

U 

Rice 

27 

454 

15} 


7 

P 

Potato 

25 

414 

14 

Group 2 

Duroc 

11 

P 

Control 

m 

•iOJ 

245 


12 

H 

Rice 

14 

415 

255 


13 

F 

Rice 

165 

385 

225 


17 

P 

Rice 

17 

374 

195 


14 

F 

Potato 

I4i 

37 

21 


15 

M 

Potato 

184 

414 

215 


16 

P 

Potato 

19i 

455 

234 


MUSCLE TISSUE ORGANS 

HAM, LOIN, SHOULDER HEART, KIDNEY, LIVER 
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viclod with the apparatus. After color equililiriuni liad been 
reached, the stained strips were scanned with a .servo-type 
integrating scanner'^ (Block et ah, ’55). 


EXPERIMENTAL 

Pari A. Elccirophoreiic paifer)is ohiaiucrl from control 
and vitamin E-deficicni chicks, ^foving-houndary electro- 
phoresis of normal adult chicken ]dasina in veronal hnfrer has 
shown the usual 6 Tiselius components (Sanders et ah, ’44), 
whereas in borate buffei' an a3-glohulin fraction appears to 
be present (Brandt et. al., ’.52). McKinley et al. (’54) by the 
use of paper electrophoresis have shown the presence of an 
a 3-globulin comjionent in chickens aged 7 to 15 weeks. Our 
results with male chicks also showed an a 3-globulin com- 
ponent. 

Only pooled samples (from 4 or more chicks) both of pla.s- 
mas and exudates were used. For the control chicks, patterns 
were obtained from the plasmas at the following ages: one 
day (prior to being placed on diet), 9 davs, 14 davs, 21 dav.s, 
28 days and 35 days (fig. 1). 

For the experimental chicks, jiat- 
tenis were obtained from the plas- 
mas at the ages of 9, 14 and 21 
days; exudate patterns, at 14 and 
21 days ffig. 2). 

Patterns wei’e also obtained from 
the pooled jdasma of 2S-day-old 
chicks of the same sex and strain 
which had received a normal stock 
diet ** (fig. 3). 

Part B. Administration of a high dose of d-a-tocophergi 
acetate to chicks suffering from exudative diathesis. Four 
21-day-old birds suffering from severe exudates were given 

" Aiijilytrol^^ scaiiiicr, manufactured by Specialized Instruments Corp., Bel- 
mont, Calif. 

'‘Manufactured by Cooperative Grange League Federation Exchange, Inc., 
Ithaca, New York. 



Pig, 3 Electrophoretic pat- 
tern of plasma from 28-day- 
old chicks receiving normal 
stock diet. 
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diet, but tbe concentration of thiamine in the muscle tissues of 
the pigs fed the potato diet vras 64% higher. The Duroc in 
group 1 which was fed the rice diet received one-fourth more 
thiamine than the one fed the potato diet, but again the con- 
centration of thiamine in the muscle tissues was higher for 
the pig fed the potato diet (9% higher). 

In gi’oup 2, although there was considerable variation in 
intake and thiamine storage among individual animals re- 
ceiving the same treatment, the average intake of thiamine 
was approximately the same for the pigs on both test diets, 
but the average thiamine concentration in the muscle tissiies 
of the pigs fed the potato diet was 9% higher than that of the 
pigs fed the rice diet. Statistical analysis of the pooled data 
showed that the differences in thiamine concentration in the 
muscle tissues of the pigs on the two test diets were signifi- 
cant at the 1% level. There might have been greater differ- 
ences in the thiamine storage on the two test diets if the 
experimental feeding period had been shorter. The large 
Durocs ate much more food than the Poland Chinas in group 
1, and may have received sufficient thiamine front either diet 
so that the slower storage on the rice diet may have caught 
up Avith the more rapid storage of thiamine from potatoes. 

The thiamine content of the urine samples collected in the 
latter study AA'as Ioaa*. The pigs fed the potato diet excreted 
an aA-erage of 3.1% of their intake (based on 12 observations) 
and the pigs fed the idee diet excreted an aA'erage of 4.2% 
(based on 17 observations). The pH of sei'eral samples of 
urine as voided Avas around 6.5, so the Ioav thiamine content 
Avas probably not the result of destruction of the thiamine in 
the bladder due to alkalinity. 

The data from these studies on young pigs suggest that the 
loAver excretion of thiamine in the urine of the human subjects 
rceemng important amounts of thiamine from potatoes may 
liaA'o been due to increased accumulation of the thiamine in 
the tissues. It is possible that both the deposition of dietarv 
thiamine and the urinary excretion of the A-itamin are in- 
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DISCUSSION 

Part A. Tlie c]eclro])]iorelic pai torus of llio plasmas from 
the control chicks all showed well-dcrmod albumin peaks (fig. 
1). The values for ])ercentage of total jirotein in chicks re- 
ceiving vitamin E, reported in table 1, were within the noi*- 
inal range reported by other workers (Brandt, et ah, ’51). 
The data presented in tables 1 and 2 show the percentage of 
total protein of the plasma to be lower for the vitamin E- 
deficient chicks than for the controls. A comparison of the 
electrophoi-etic patterns indicates that the exudates contained 
the same iiroteins as the blood plasma. At 14 days the vita- 
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0.20 

o.nn 

0.24 

1.07 

0.38 
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3.79 

0.57 

0.20 

0.23 

0.17 

0.09 

0.40 

14 

2.40 

0.47 

0.30 

0.37 

0.17 

0.70 0.20 

0.40 

21 

3.50 
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0.27 

0.27 

0.10 

0..30 0.19 

0.29 

28 

3.41 

0.43 

0.37 

0.20 

0.20 

1.03 

0.43 

35 

3.45 

0.43 

0.35 

0.38 

0.24 

0.02 0.31 

0.41 

28 COM = 

3.1G 

1.12 

0.20 

0.14 

o.n 

0.28 

0.15 

* A = album 

in, 0 = ^^lobulins 






- Tweutr-eij'lit-day-old cliieks on 

stock diet. 
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Total protein and relative distribution of jdasma proteins in chicks 




fed the basal 

diet 
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a2/A 
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a/A tI>/A 
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9 PL‘ 

3.54 

0.39 

0.27 

0,49 

0.27 

0,91 

0.04 

14 PL 

2.30 

0.17 

1.10 

0.80 

0.50 

2.30 

0.90 

14 EX 

2.05 

0.35 

0.30 

0.37 

0.27 

1.30 

0.47 

21 PL 

2.44 

0.20 

1.00 

0.95 

0.50 

1.10 0.05 

0.95 

21 EX 

1.49 

0.18 

1.05 

1.00 

0.09 

1,81 

o.ss 


‘ PIj = pooled plasmas, EX = pooled exudates. 
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IJTovod, allliougli lliey slill oxliibited oxndntos. Aflox' Ihi’ee 
days, all signs of oxiidates -vvoi’e fibsont, and ilio physical con- 
dition of the chicks appeai’od to bo coinjxaTablo to that in the 
control group. The chicks remained noiTnal for the I’einainder 
of the experiment even though blood samjdes •\voi'e taken fi’om 
them regularly. 

Since, in the vitamin E-deticiont chicks, the electrophoretic 
pattern of the exudate fluid vas similar to that of the plasma, 
it appeal’s that the results presented here agree with those of 
Dam and Glavind (’40) in showing that increased capillai’y 
])ermeability is an important factor in the production of exu- 


TMihK 3 

Dafa ohtaiurd frovi chicks before and after administration of ml 
d^a-tocopherid acetate 
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A/<J 

al/A 
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n:i/A 

fi/.y <i»/A 

*>/A 
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0 ' 

r'r 

].1)S 

o.in 

o orj 
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3.00 

4.13 

17.5 

o 

2.40 

O.M 

3.14 

3.14 

o.4;i 

2.22 3.00 

3.14 


2.S0 

0.31 

0.74 

0.48 

0.24 

1.28 

0.02 

.*) 

3.18 

0.30 

0.30 

0.33 

0.24 

0.33 0.01 

0.42 

7 

3.01 

0.30 

0.42 

0.40 

0.31 

0.44 o.r>o 

0.30 

0 

3.10 

0.30 

0.30 

0.40 

0.20 

0.30 0.48 

0.30 


* Prior to tlio iulniiinstratioii of (Z-a-tocophcr.vl ncctnto. 


(lalive diatliosis. Howovor, reduced a]))nnnu coucenl ration in 
llie plasma because of failure of normal albumin synthesis 
during* vitamin E deficiency may contribute to the edematous 
condition through lack of maintenanee of normal osmotic re- 
lationships lietwcen the plasma and the tissue fluids. Dam 
(’44a), Hove (’4C) and Moore (’49) have presented results 
with rats indicating* that vitamin E is concerned in protein 
synthesis. 

The failure of normal albumin synthesis during* vitamin E 
deficiency in the chick is indicated by the lov^ albumin con- 
centrations in both the plasma and exudates, and by tlie fact 
that the plasma allnunin level Avas rapidly restored upon ad- 
ministration of a single dose of ^/-a-tocophcryl acetate. Since 
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Lai-ge sectors of the huraan poimlatioiis live on a more 
or less exclusively vegetarian diet. This fact induced us sev- 
eral years ago to initiate studies on the effect of such a tyiie 
of feeding on experimental animals kept under similar condi- 
tions for many generations. Preliminary experiments showed 
the existence of some factor (Jaffe, ’46), later identified as 
vitamin B 12 (Jaffe, ’48) lacking in this kind of ration. Be- 
cause vegetarian diets are low in this vitamin, it seemed in- 
teresting to conduct some long-range experiments on their 
effect on experimental animals. Moreover, an attempt has 
heeii made to determine the minimum vitamin Bi; require- 
ments for growth, reproduction and lactation of the rat under 
conditions of uniform intake during more than one generation. 

EXPERniENTAL 

The animals were descendants of the “Sprague Dawley” 
strain. All the rats of the experimental series were from a 
slock kept on a soybean oil meal-corn ration since 1948, while 
a control group was always fed a commercial stock diet. The 
animals were housed in screen bottom cages in a room with- 
out air conditioning. Large litters were always reduced to 6 
within 48 hours after birth, weaned at 21 or 28 days of age 
and kept together in a common cage to permit brother and 
sister mating for the following generation. In special cases. 
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Oral administration of O/io ml of ]mi-o d-c!-tocoi)lK‘ryl acc- 
tato producod conqiloto recovt‘ry of chicks sufi'ci-in.'r from exu- 
dative diathesis. 

The possible role of vitamin 111 in cai)illary ])ermi‘ahility and 
protein synthesis has been discussed. 

l.ITKltA'n'UH (.'ITKD 
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For the determinations of soluble, reduced nonprotein sulf- 
hydi'vl compounds in the livers, a modification (Jaffe and 
Budov'ski, ’54) of the Grunert and Phillips (’51) method for 
glutathione vras used. Vitamin Bjo vas determined with a 
modification of the TJSP method. 

RESULTS 

In table 1 data are presented on the reproduction of rats 
kept for 7 years on the soybean oil meal-corn ration. The 
enumeration of the generations starting Avith the 5th is only 
approximate as the groups Avere selected according to the 
date of the birth of their litters and the corresponding genera- 
tion calculated only A\n.th the first and last animals of each 
group. Therefore, some overlapping may exist among the 
last 4 gi'oups. 

The litters in the first generation shoAs^ed distinctly better 
performance than later ones Avith respect to the number of 
animals born in each litter, number of survwing animals, and 
Aveaning Aveights. This Avas to be expected, as the complete 
stock ration Avas fed during gestation. The performance in 
this gi’oup is Aurtually the same as for the animals kept on 
the stock ration for the aaIioIo lactation period. Starting Avith 
the second generation, a Amry considerable deterioration in 
the performance of the litters may be obseiwed. The number 
of animals Aveaned per litter A\’as only about half that in the 
first gcjieration. As the number of young Avhich died betAveen 
the second day after birth and the AA-eaning age Avas ahvays 
small, it is clear that this is due mostly to the higher number 
of stillbirths or to deaths in the first tAvo days of life. There 
Avas a tendency for all of the young in litters of certain 
mothers to die in contrast to a Ioaa- death rate in the litters 
of others. 

Xo ditference betAveen the first and succeeding generations 
could be observed Avith respect to the Aveight gain of the 
mothers during the 4 weeks of lactation or to the mean AA-eight 
of tlie young at birth. 
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The results of various supplements of vitamin B 12 on re- 
production and lactation performance are summarized in table 
2. The performance of the animals on the basal diet vas poor 
in comparison vith the Bi 2 -snpplemented groups vith respect 
to the survival of litters, number of animals weaned per total 
litters born, weaning weights at 4 weeks and the age of the 
mothers at the birth of their first litters. The results of group 
2 show that the addition of 3 pg of vitamin B 12 per kilogram 
of diet did not result in a similar weight gain of the young as 


TABLE 3 

Post weaning growth of rats hred on different experimental diets 


I>rET AKD 
SUPPLEMENTS 

NO. or 
animals 

SEN 

weight at 

3 WEEKS 

WEIGHT AT 

7 WEEKS 

Basal 

23 


gm 

27.9 0.9 " 

pm 

119.2 i: 4.9 ^ 

Basal 

21 

F 

29.3 iL 2.1 

109.2 ± 3.6 

Basal -f 3 gg/kg 

25 


34.5 = 1.1 

154.5 ± 3.1 

vit. Bj, 

Basal -f 3 gg/kg 

2S 

F 

34.4 ±1.0 

123.5 ± 1.7 

vit. Bj, 

Basal 5 gg/kg 

30 


41.S ± 0.6 

170.2 ± 3.3 

vU. 

Basal -j- 5 gg/kg 

30 

F 

41.5 ± 0.7 

137.0 ± 1.9 

vit. 

Stock 

24 


42.1 ± 0.9 

163.6 ± 3.4 

Stock 

28 

F 

42.3 ± l.S 

134.4 ± 2.1 


' Standard error of the mean. 


that observed with larger supplements, although the perfor- 
mance was nearly the same in all other respects. 

Supplements of 5ng/kg of mtanhn Bio, and 30pg/kg to- 
gether with 0.2% of methionine gave identical results. A com- 
parison between the group of rats fed the complete stock diet 
and the two latter supplemented gi-oups shows that there were 
no significant ditferences in all those aspects studied in our 
experiments with the only exception of the litter size, the 
birth weight, and possibly the number of litters in which all 
animals died before weaning time. In experiments not in- 
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of a very slight cliange in the odor of tlio diets. It apiieared 
oil closer examination that change in odor, indicating the 
onset of rancidity, occurred more rajiidly in diets made ivith 
dextrose than in those made with snci’ose. As a result of 
these ohservations, the influence of the kind of carbohydrate 
in the diet upon development of rancidity was studied. 

KXPEniMENTAL PHOCEDUHE 

The diets used are shown in table ]. Small amounts of water 
soluble vitamins were added. In the first experiments the 

TAIil.K 1 

Compo.*>ition of rinu ntal dir is 


CONSTITUKXT 


.\M()rNT 


Sucrose * or Ilyilnite Dextrose * 
Crude casein 
Ccllufiour 
Salt mixture ^ 

Corn oil 
Cod liver oil 
Choline chloride 


04 

20 

2.J 

0 

1 

0.2 


* Hevere Sugar Uefining Co. 

" Corn Products Refining Co. 

^ Jones and Foster (’42) mixture Avith calcium carbonate removed. 


carliohydrates used were exactly as supplied by producers; 
ill later experiments the carbohydrates were finely ground in 
a ball mill to insure uniformity in particle size. Other 
modifications will be indicated in the Besults. The diets were 
thoroughly mixed and measured out in 5 gm aliquots in paper 
weighing cups. These cups were then placed in a 75°F. 
temperature-controlled room until analyzed. At appropriate 
times, fat from a sample was extracted with iietroleiim ether, 
the ether distilled off on a steam bath and the iodine number 
determined by the Wijs method (cited by A. 0. A. C., ’40). 
Duplicates were done until it was certain that the method was 
reproducible. The results of the iodine number assays are 
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mented and vitamin Bis-supplemented groups ; tlie stock ani- 
mals lio-\vever, had higher levels. Hemoglobin, hematocrit, and 
urea detei’minations as well as red and differential white blood 
cell counts Avere made on groups of adult male rats from 
gi-oups 1, 3, and 5. All the values found Avere AAuthin the range 
accepted as normal. Vitamin Bj-^-deficient animals had 
slightly higher values of blood urea than stock animals (0.27 
± 0.017 gm/1 A^s. 0.24 ± 0.016 mg/1). 

In table 5, the values for Autnmin Bio in livers and kidneys 
of adult male rats, kept on one of three -different diets, are 
presented. It can he seen that the diet containing o ug/kg of 
vitamin Bio did not cause as high tissue levels of this vitamin 
as the stock diets although the values Avere higher than they 
Avere with the basal ration. 

DISGUSSION 

In confirmation of Diyden et al. (’52), the data in tables 1 
and 2 show that in mother rats fed a diet Ioav in vitamin Bio 
there is a tendency for the entire litters of certain mothers to 
die ; tins is in contrast to a relatively Ioav mortality rate for 
the litters produced by other individuals. This suggests that 
by applying the principles of selective breeding it might he 
possible to develop a strain of rats that is relatively resistant 
to vitamin Bio deficiency. IVe used mostly brother and sister 
matings in order to accentuate any such tendency. 

Nevertheless, the differences observed betAveen the differ- 
ent deficient groups in subsequent generations are small and 
of doubtful significance. The first deficient group (second to 
third generation) shoAved the poorest overall performance, 
but the observed differences are not impressive in A’ieAv of the 
flnctnations betAveen the folloAving experimental groups. Be- 
lAveen the third to 4th and IGth to ISth generations, no such 
seloctiA'e trend AA’as observable. 

The lack of a significant difference betAveen the first groups 
and the last, Avhich Avere observed after 6 to 7 years of almost 
continued brother-sister breeding on the A-itamin Bj^-low diet, 
is contrary to Avhat avo had expected to find. It may be related 
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hydrate eiTect persisted after grinding. The addition of 
an antioxidant - retarded the development of rancidity in 
both diets, but rancidity developed sooner in the presence 
of dextrose. 

Data shown in table 4 are the result of diets made withoiit 
the salt mix as well as diets made with anhydrous dextrose. 
Diets without the salt mix were much more stalde than those 
with the salt. Anhydrous dextrose, however, was inferior 
to the other sugars. 

In other tests not shown here, the previous work of White 
et al. was confirmed whereby the removal of choline 


TAlU.i: 1 

Effect of .salt mixture and carhohifdratr on dcvrJopmrnt of ranciditp 


UAV 

surrto.'ir 

UKXTKOSK ' 

A.XHYPKOVS H 

tirXTKOSK ' 

No 

faults 

snlts 

No 

IMns 

Milt’S 

No 

j^nlts 

IMns 

0 

1.1 

1.1 

1.1 

1.1 

1.1 

3,1 

4 

1.2 

1.3 

3.1 

1.3 

1.4 

C.G 

5 

1.2 

1.3 

1.1 

1.3 

1.5 


7 

1.2 

1.3 

1.1 

G.(i 

(i.5 

13.2 

8 

1.2 

1.3 

1.1 

11.3 

lO.G 

13.2 

11 

1.2 

3.4 

3.3 

14.4 

14.0 

15.0 

* Results 

reported as 

milliliters of 

0.1 N tliiosuIfate/0.5 

gin of fat. 



from the diets markedly improved stability. Although a few 
studies have been done, no effect of carboh 3 "drate has been 
observed in the absence of choline. 

SUMMAUy 

These studies have shown that the kind of carbolnxlrate used 
in a purified diet has an important effect upon the rate at 
which rancidity develops. Diets made with glucose were 
much more susceptible to auto-oxidation than those made 
with sucrose. The mechanism of the effect is unknown. 

* A conihhintion of butylatcd liydroxy-aiiisolc, propyl gallatc and citric acid. 
Supplied by Eastman Clicmical Products Co., Kingsport, Tonn. 
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Altliougli we were unable to detect the operation of a genetic 
selection of animals with better performance on a diet low in 
vitamin Bio, the results presented in table 1 show that it is 
possible to breed rats for at least 18 and probably many more 
generations on a fortified soybean-corn ration not supple- 
mented with vitamin Bio. 

The lack of vitamin Bio in the diet caused a high mortality 
rate of the litters, a low birth weight and weaning weight, and 
the deficient females were older when they gave birth to their 
first litters. The first two deficiency symptoms were at least 
partially, and the latter two completely overcome by a sup- 
plement of only 5 \ig/kg of vitamin Bio, while the dose of 
3 wg/kg was insufficient to secure normal weaning weight. As 
there was no difference observable between the effect of sup- 
plements of 5 or 30 MgAg’j minimum dose must be some- 
where between 3 and 5 iJg/kg of vitamin Bjo in a soybean-corn 
diet under the present conditions. 

The tendency of vitamin Bio supplements to cause greater 
birth weights in rats, observed by other authors (Daniel et 
al., ’53; Dryden et al., ’51) can also be detected in our re- 
sults, although the young born of mothers fed the stock ration 
were still heavier at birth notwithstanding the larger litter 
sizes in this gi-oup. The replacement of soybean oil meal by 
full-fat soy flour causes the differences in litter size between 
the experimental and control groups to disappear (Jaffe, 
’55). They are therefore probably not related to vitamin Bi-. 

The females on the deficient diet were significantly older 
when their first litters were born than those on the diet sup- 
plemented with vitamin Bi^. This is in accordance with ob- 
servations of Dryden et al. ( ’54) on sexual maturation, which 
was found to be delayed in vitamin Bis-defieient animals. 

It can be concluded from the data of table 3, that the differ- 
ence in growth, for the 4 weeks after weaning, between 
vats recemng vitamin B,; supplements of 3 or 5 iig/kg of diet 
respectively, was small in both males and females (8.4 mn for 
males and G.4 gm for females) as compared with the differ- 
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giving results wliicli would indicate a somewhat higher re- 
quirement for %dtamin Bio. 

The observations on rats presented in this paper ai-e very 
similar to those made earlier on mice (Jaffe, ’54), with the 
difference that in the latter species a supplement of 3 Mg/kg 
of vitamin Bio to the corn-soybean oil ration was as effective 
as the higher doses. 


suaiMAET 

A rat colony was kept on a fortified soybean oil meal-corn 
ration, low in vitamin Bn, for 18 generations, using mostly 
brother and sister matings. 

Litters starting with the second generation showed high 
mortality, low birth weights, low weaning weights, slow post 
weaning growth, and low liver and kidney vitamin B 12 levels. 
Females of this group were older, when giving birth to their 
first litters, then the controls. Blood characteristics and liver 
glutathione levels were normal. 

No significant difference between succeeding generations 
could be detected and therefore no indication for a genetic 
selection toward resistence to vitamin Bjj deficiency could 
be found. 

The addition of 3 ng of vitamin B 12 per kilogram of diet 
eliminated most of the deficiency symptoms, but did not re- 
sult in optimal weaning weights and post-weaning growth, 
while supplements of 5 ^lg of vitamin Bjo per kilogram of 
diet, or 30 jjg of this vitamin together with 0.2% of methionine, 
gave identical results in overcoming these deficiency signs. 
All of the animals used had been kept for at least one genera- 
tion on the respective experimental diets previous to the ex- 
periments presented. 
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miuous testimony placed in tlie record of the “bread hearings” 
(Federal Security Agency, ’48- ’49) was judged by the Ad- 
ministrator to be inadequate for the purpose of establishing 
the safely of Myrj 45. A substiuilial part of this toxicological 
evidence had been obtained in su])port of the use of various 
poljml esters of fatty acids in i)roducts otlier than bread, 
principally of a pharmaceutical nature. !Much of tlie data 
had been accumulated prior to the publication by the Food 
and Drug Administration of its recommendations concerning 
the design of toxicological experiments to support the use 
of chemical additives in foods (Lehman et ah, ’49). However, 
the opinion of experts as expressed at these hearings was 
far from unanimous on the question of the inadequacy of 
the evidence particularly with respect to the chronic feeding 
studios. This fact, together with the cumulative experience 
of apparently safe pharmaceutical and food use of the polyol 
emulsifiers, prompted renewed investigation on liie effect of 
chronic ingestion of the fatty acid partial estei’s. 

Experiments were undertaken to determine the effects of 
these esters on growth, food utilization and metabolism, re- 
production and lactation, physiological behavior, mortality, 
and post-mortem jiathologj’, when included in the diet of 
I'ats throughout their lifetime, at levels far exceeding any 
conceivable use-concentration in the human diet. In the evolu- 
tion of the plan for those experiments, careful consideration 
was given by all parties concerned to the magnitude and 
scope of the studies. In general the plan followed the pattern 
suggested for chronic feeding studies by the Division of 
Pharmacology^ of the Food and Drug Administration. The 
experiments were designed to cover successive generations 
of rats as well as the life cycle of the parent generation. The 
diets consisted exclusively of a nutritionally adequate basal 
ration modified only to the extent necessary by graded addi- 
tions of the emulsifiers or of fat. 

The studies are to be reported in a series of papers, this 
introductory report covering the general plan of the investi- 
gation and procedui-es which apply throughout, as well as 



BENEFICIAL EFFECTS OF ALFALFA ON THE 
OVAEIAN DEVELOPilENT OP miATURE 
EATS FED MASSHCE DOSES OP 
ALPHA-ESTEADIOL " 

B. H. ERSnOPF, n. J. HEEXAXDEZ A'JsD J. H, MATTHE^VS 
Dejiarimeni of Biochemistnj and Nutrition, University of 
Southern California, Los Angeies, and Niiirilite 
Products, Inc., Buena Pari:, California 


(Rcceired for publication January 9, 1956) 


It is well established that the prolonged administration of 
massive doses of estrogens inhibits ovarian development in 
the immature rat (Zondek, ’41). In the present communica- 
tion data are presented indicating that the deleterious effects 
of massive doses of alpha-estradiol on ovarian development in 
the innnature rat can be largely counteracted by the concurrent 
feeding of dried alfalfa. The protective factor (or factors) 
in alfalfa is apparently distinct from any of the known 
nutrients. 


EXPERniEXTAL 

Experiment 1. Comparative effects of dried alfalfa and 
supplements of the hnoivn nutrients on ovarian 
weight and morphology hi immature rats 
fed massive doses of alpha-estradiol 

The basal ration employed in the present experiment con- 
sisted of sucrose, 66% ; casein,- 24% ; salt mixture,® 5% and 

* Comnuuiicnlion no. 401 from tlic Department of BiochomistTv and Xutrition, 
rnivorsity of Soutlicni CnUfornia. 

* Vitamin-free test casein, General Biocliemicnls, Inc,, Chagrin Falls, Ohio. 

* Huhbcll, Mendel and Wakeman salt mixture, General Biochcmicals, Inc., 
Chagrin Falls, Ohio. 

U7 
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sumption nnd growth. However, it is not to be inferred that 
any of the emulsifiers, though they might have nutritional 
value, were regarded as equivalent to or substitutes for 
triglycerides. The neutral fat employed was a “pure vege- 
table shortening made from hydrogenated vegetable oil.”'’’ 

Experhnciiiol dieis. Since the ultimate objective of these 
experiments was to provide a basis for determining the safety 
of the use of the fatty acid partial ester emulsifiers in the 
human diet, special consideration was given to the choice of 
a basal diet for the chronic feeding studies. 

Three types of basal ration are employed in chronic toxico- 
logical studies, the so-called synthetic or purified diets, com- 
mercially prepared feeding mixtures (mashes or chows), and 
laboratory-prepared diets composed principally of natural 
foodstuffs. The synthetic or purified type of diet was con- 
sidered unsuitable for these experiments because of the more 
or less ai-bitrary selection of protein, carbohydrate, and fat 
components and the lack of variety as compared Avith the 
mixture of foods comiirising the Imman diet. Furthermore 
the possibility of inducing effects due to the deficiency of 
unrecognized essential nutrients could load to adventitious 
results in these chronic studies. Commercial mixes or chows 
were rejected on the ground that no direct or immediate 
control could he maintained over the composition or uni- 
formity of siTch mixtures during the course of a prolonged 
experiment. Moreover the necessity for replacing high pro- 
portions of a whole prepared ration Avith test materials could 
lead to Avide A^ariations in the proportions of essential nutri- 
ents in the test and control diets. 

For the foregoing reasons it Avas decided to employ a basal 
diet prepared in the laboratoiy primarily from natural foods, 
such as AA'^heat, corn, milk, meat, etc., supplemented Avith vari- 
ous micronutrients. It Avas possible not only to insure the 
uniformity of composition but, oven more important, to in- 
coi'porate replacements of as miTch as 20% of esters or fat 

®Primcx, purehnsed in 50 1b. cartons at intervals, as required, from the Proctor 
and Gamble Distributing Company, Keiv Gardens, I^ew York. 
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discarded. These measures Tyere employed to minimize the 
oxidative changes in the diet. Feeding was continued for 
8 weeks. Animals were autopsied on the 56th day of feeding; 
ovaries were weighed and fixed in 10% formol, and sections 
prepared and stained with hematoxylin and eosin. 

TABLE 1 


Comparative effects of dried alfalfa, alfalfa fractions and supplements of the 
J:nown nutrients on the ovarian loeight of rats fed massive 
doses of alpha-estradiol 


SUPPLE^rKKTS TED WITH 

basal, ration 

AL.PHA- 

ESTKADIOl, 

IN RATION 

nujiber 

or 

ANIMALS 

INITIAL 

RODT 

WEIGHT 

final 

BODY 

weight 

AVERAGE 

OVARIAN 

weight * 


r(xf)j\:g of diet 


am 

am 

m3 

Experiment 1 

None 

10 

20 

42.8 

177 

1S.6 ± 1.0 

B vitamins, C and K 

10 

10 

42.7 

175 

18.8 i 0.9 

Vitamins A, I) and E 

10 

10 

42.5 

182 

18.2 i: 1.6 

5% Casein 

10 

10 

42.4 

199 

19.1 ^ 1.8 

5% Corn oil 

10 

10 

42.6 

172 

17.4 1.2 

2.5% salt mixture 

10 

10 

42.3 

176 

19.3 1.3 

20% oven-dried alfalfa 

10 

10 

42.2 

184 

31,2 zt 4.2 

20% sun-dried alfalfa 

10 

10 

42.2 

175 

41.6 dz 2.5 

20% vacuum-dried alfalfa 

10 

10 

42.1 

175 

40.8 ± 4.2 

Basal ration %vithout 

alpha-estradiol 

0 

10 

41.9 

209 

53.4 e: 3.0 

Experiment 2 

None 

10 

10 

41.4 

170 

17.3 1.1 

20% alfalfa meal 1 

10 

10 

41.2 

185 

19.4 — 1.8 

20% alfalfa meal 2 

10 

10 

41.0 

179 

28.1 1.7 

20% alfalfa meal 3 

10 

10 

41.2 

1S4 

34.2 rt 3.3 

20% alfalfa meal 4 

10 

10 

41.4 

1S4 

38.3 zr 3.9 

20% alfalfa meal 5 

10 

10 

41.1 

185 

38.1 4.0 

20% alfalfa meal 0 

10 

10 

41.1 

189 

43.2 2.1 

Basal ration ^vithout 

alpha-ostradiol 

0 

10 

41.0 

202 

50.6 i 1.8 

Ej-prriment S 

None 

10 

10 

41.0 

155 

14.5 dz 0.9 

13% alfalfa residue 

10 

10 

40.S 

173 

36.0 ± 4.0 

7% dried alfalfa juice 

10 

10 

40.9 

175 

33.7 ± 3.8 

Basal ration without 

alpha-estradiol 

0 

10 

41.0 

185 

4G.5 i: 2.8 


* Including standard error of the mean calculated as follo^vs V — J vli Tvlicre 
“d” is the deviation from the mean and the number of observations. 
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The composition of the basal and supplemented diets is 
shown in table 1. Supplementation of the diet with esters or 
fat was accomplished by replacing equivalent amounts of 
the wheat-corn fraction which is present in the proportion 
of 2:1 in the basal diet, the other constituents of the diet 
remaining unchanged. Thus when an emulsifier was included 
to the extent of 20%, the protein content of the ration was 
only slightly affected, being reduced from 22 to approximately 
20%, while the energy- value varied within the narrow limits 
of 2.99 to 0.42 Cal. per gram (table 2). 

TAni.i; 2 


Caloric dcnaiti/ of hasal and irst diets * 
(All values in cnlorics per 100 gm of diet) 


SUPPLE ME KT TO 
UASAL DIET 



LEVE 

L, PKir CENT 


0 


10 

20 

Xonc 


341.8 




Myrj 45 



341.4 

341.0 

340.2 

Myrj 52 



331.1 

320.4 

299.0 

Span CO 



342.3 

342.8 

343.8 

Tween 60 



335.3 

32S.S 

315.8 

Tween G5 



342.0 

342.1 

342.4 

Tween 80 



335.9 

329.9 

318.0 

^[ixture 



339.0 

33G.1 

330.4 

1* rim ex 



3G9.0 

39G.2 

450.C 


' The caloric values of the emulsifiers are basetl on the assumption of 0.4 Cal. 
per gram for their fatty acid moieties, corrected for the observed coefiicients of 
digestibility, viz. ^fyrj 45-3.32, Myrj 52-1 .20, Span GO-3. 50, Tween GO-2.09, 
Tween 65-3.42, Tween 80-2.21, Mixture — 2. S3 calories per gram, the last inen- 
tioned being the weighted average for the component emulsifiers. 


Thiamine assays conducted on batches of the diet contain- 
ing 0, 5, 10, and 20% of jNIyr.i 45 showed no appreciable de- 
struction of this vitamin after 6 weeks’ storage at room 
temperature, in contrast with the finding of Nelson (’53). 
In any case completion of the diet batches by the addition of 
the emulsifiers, fat and vitamin mixtures was accomplished 
about once a week so that no diets were more than 10 days 
old when fed. 
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incorporated in tlie basal ration in place of an equal amount of 
sucrose. Animals were autopsied after 8 Aveeks of ad libitum 
feeding and ovarian weights determined. Results are sum- 
marized in table 1. In. agreement witb earlier findings the 
oA'aries of rats fed tbe basal ration appeared unmature both 
in weight and appearance. Considerable differences were 
observed, boAvever, in tbe OA*arian weight and appearance 
of rats fed the various alfalfa samples. One of the lots 
Avas virtually devoid of activity Avith corpora lutea present in 
only two of the 10 rats in the group. Three of the lots had 
moderate actmty Avith corpora lutea present in 4 to 6 of the 
10 rats in each group. The remaining tAvo lots had high 
activity Avith all rats in each group exhibiting corpora lutea 
formation. In general the average ovarian Aveight of rats 
fed the various alfalfa fractions was directly correlated Avith 
the number of animals in each group with corpora lutea 
present. 

Experiment 3. Effects of dried alfalfa juice and alfalfa 

residue on ovarian weight and morphology of immature 
rats fed massive doses of alpha-estradiol 

Tests Avere conducted to determine the comparative effects 
of dried alfalfa juice and desiccated alfalfa residue " on the 
OA'aries of immature rats fed alpha-estradiol. The experi- 
mental procedure Avas similar to that employed previously. 
Forty female IVistar rats comparable in age and AA'eight to 
those employed above Avere divided into 4 groups of 10 rats 
each and Avere fed tbe folloAving rations ; (a) basal ration with 
alpha-estradiol omitted (b) basal ration containing alpha- 
estradiol (c) basal ration plus 13% of desiccated alfalfa resi- 
due and (d) basal ration plus 7% of dried alfalfa juice. Sup- 
plements Avere added in place of equal amounts of sucrose. 
Animals Avere autopsied after 8 Aveeks of ad libitum feeding 
and ovarian Aveights determined. Results are summarized 
in table 1. As in the previous tests the ovaries of rats fed 
the basal ration Avere immature both in Aveight and appearance. 

■ The water-washed alfalfa pulp remaining after the extraction of the juice. 
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random numbers (Coclii’ane and Cox, ’oO) litter-males •were 
assigned randomly to diets having tlio same level of supidc- 
menlation. The groups consisted of more females than males 
because it vas anticipated that the stresses of pregnancy 
and lactation miglit result in higher mortality, thereby leav- 
ing an insufficient number of females to establish statistically 
sound longevity data. 

Housing and maintenance. For the entire duration of the 
investigation the rats were housed in suspended wire-mesh 
cages in an air-conditioned room maintained at 7G 2°F. 
and 50 ± 10% relative humidity. For the first 12 weeks on 
the test diets they were housed individually but when matings 
were started they were transferred to larger cages, one male 
being housed Avith one or two females. AVhen litters were 
about to be cast the does were transferred to separate cages 
containing shredded paper wads for nesting where they re- 
mained until their litters Avere Aveaned. During rest periods 
betAveen matings small groups of rats of the same sox Avere 
housed together. 

Diets Avere furnished ad libitum in non-scatter food cujis. 
Water A\’as supplied through glass deliA’ery tubes from bottles 
suspended on the outside of the cages. Cages Avere Avashed 
once a Aveek or more frequently if they became soiled by soft 
stools. 

Observations. During the first 12 Aveeks, the body AA-eight 
of each rat AA’as recorded at AA'cekly intervals. This iiractice 
AA-as folloAA^ed not only in the initial generation but in each 
succeeding generation throughout the study. For the re- 
mainder of the experiment the animals AA’ere AA-eighed biAA'eekly. 
Records AA^erc made of food consumption of 5 rats of each 
sex, randomly chosen from each group, for the first 12 AA^eeks. 
Additional checks on food consumption AA’cre made on these 
rats for a tAvo-AA'eek period at the 0.5, 1, 1.5, and 2-year stages 
in the initial generation and for 12 AA’eeks after AA'oaning in 
succeeding generations. 

At the termination of the 12-AA'^eek period, 6 rats from each 
group (three males and three females) AA^ere randomly selected 
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Friedman reported tlie presence of a gonad-stimnlating snb- 
stance in extracts from alfalfa meal. TMs work was confirmed 
and extended in subsequent investigations by tbe same an- 
tbors (Friedman and Friedman, ’39). As was true in the 
present investigation, a great deal of variability was observed 
in the activity of different lots of test material (Friedman and 
Mitchell, ’41). An unidentified water-soluble factor in cereal 
grass has been reported which is effective in promoting ovula- 
tion of rabbits sensitized with estrogen. This factor which 
differs in stability and in other properties from gonadotropins 
obtained from animal sources apparently exerted its effect 
by causing the release of pituitary gonadotropin (Borasky 
and Bradbury, ’42; Bradbury, ’44; Bradbury and Hodgson, 
’42). An unidentified factor in grass has been reported which 
produces early vaginal opening and stimulates early ovarian 
activity in immature rats. This material which has been re- 
ferred to as the ‘ ‘ sex maturity factor ’ ’ was orally active, water 
soluble and was concentrated by alcohol precipitation of grass 
juice (Gomez et al., ’41). 

It has been demonstrated that the ovarian inhibition caused 
by the prolonged administration of estrogens in the immature 
rat is due to an impaired secretion of pituitarw gonadotropins 
(Zondek, ’41). The inhibition of ovarian development that 
occurs under these conditions can be counteracted by the con- 
current administration of pituitary or chorionic gonadotro- 
pins. Inasmuch as desiccated alfalfa under conditions of the 
present experiment was also effective in counteracting the 
ovarian inhibition caused by the prolonged administration of 
an estrogen, the possibility exists that the protective effect 
of alfalfa was due to the presence of an orally active gonado- 
tropin in this material, possibly comparable to the factor or 
factors indicated above. Another possibility is that alfalfa 
contains a factor (or factors) which was effective in promotino- 
the synthesis and secretion of pituitary gonadotropin under 
conditions of the present experiment. An alternate interpre- 
tation IS that alfalfa contains an unknown nutrient (or nu- 
trients) which may be part of an enzyme system concerned 



TAI3LE 3 


Summary of growth responses of generation of rats during 
two-year feeding experiment 


FAT OR 

XUMRKR 



AVKRAUK nODY WriOUTS, 0 TO 104 WKrKB 


RMULSiriKR 

AN!) SKX 

0 

3 

G 

12 

24 

48 

52 

DG 

lot 

Xone 

12M 

Vm 

57 

i7m 

175 

pm 

200 

pm 

820 

pm 

371 

pm 

420 

pm 

417 

pm 

440'* 

pv\ 

43F 


20P 

5G 

180 

170 

200 

202 

807 

301 

329*’ 

315’= 

5% Level 

Myrj 45 

12M 

57 

175 

2(i4 

834 

8S5” 

415" 

420" 

44 F 
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20F 

55 
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171 

205 
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54 
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171 
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312" 
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52 
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200 
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5S 
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320 
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54 
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Mixture 

12M 

55 
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57 
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50 
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451" 
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57 
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21 ^ 
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12M 

5(t 
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200 
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410* 

414’ 


20F 

00 

142 

178 

208 
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312*’ 
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330* 

Myrj 52 

]2^r 

57 

172 

284 
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321" 

40S*' 

400" 
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489* 
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180 

178 
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57 
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o 

oo 
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438’ 
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57 
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Mixture 

12M 
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50 
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320" 
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12M 

20F 

G2 
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discontinued 



* Superscripts indicate number of survivors. 
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The purpose of this study 'Vi’as to examine the influence of 
vitamin Bn and aureomycin upon the grovrth. of protein-defl- 
cient children and at the same time to make an assessment of 
their nutritional status. A brief preliminary report has been 
made (Hackay et al., ’54). 

There is disagreement as to the effect of dietary supplemen- 
tation with vitamin Bio on human growth and conflicting re- 
sults have been reported (see for example "Wetzel et al., ’49, 
’52; Benjamin and Pirrie, ’52; Scrimshaw and Guzman, ’54). 
Studies with aureomycin have shown positive results (Snelling 
and Johnson, ’52; Eobinson, ’52; Carter, ’53). If such supple- 
ments should have a positive influence upon growth, their ad- 
ministration might make an important contribution towards 
alleviating the widespread malnutrition that exists in the 
tropics and which is present in the Caribbean area. It was for 
these reasons that the present study was undertaken. 

The children upon whom the observations were made in 
the present study lived in small rural communities in the 
southern part of the parishes of St. Thomas and St. Andrews 
in Jamaica, B.W.I. The people of these districts earn a rather 
poor subsistence by agriculture. Some fishing is done but this 

■ Present nddreps; Stevens Institute of Tccljnologv, Hoboken, Xctv Jersev. 

155 








Bi2 AOTEOMYGIX AKD GROWTH 


157 


The initial selection of the children to he used in the work 
on the evaluation of aureomycin and vitamin B12 as growth 
promoters was based upon the use of the Wetzel grid. How- 
ever, for the calculation of the final results, the assessment of 
growth Avas based upon increments of height and weight 
separately. 

TABI.E 1 


The average daily consumption per capita of the dietary supplements 
'by Jamaican children 


GF.OVP 

TP.ocnn 



AV. DAILY COXSmrPTIOX 

Vitamm Eu 

Aureomycin 






Aff 


I 

Placebo 



0 

0 

II 

Vitamin Bj, 



65,3 

0 

in 

Aureomycin 



0 

31.7 

IV 

Vitamin Bj, 4- aureomycin 


64.0 

32.0 




TABLE 2 






The heights and ic eights of Jamaican children 


AGt 


BOYS 



OIP.LS 



Height 

Vreight 


Height 

Meight 

yrars 

KO. 

inches 

pounds 

NO. 

inches 

pounds 

4-5 

6 

41.8 ± 1.7 ‘ 

36.3 ± 3.1 ' 

9 

40.6 ± 4.8 ^ 

36.6 ± S.9^ 

5-G 

15 

44.6 i: 2.2 

41.8 S; G.3 

15 

42.9 ±: 2.8 

37.6 ±: 4.3 

G-7 

17 

46.1 rh 2.0 

43.6 3.9 

22 

45.0 li; 2.4 

41.8 6.1 

7-S 

101 

46.5 2.5 

45.1 ± 7.1 

98 

47.2 ± 2.2 

46,2 ^ 7.1 

8-9 

157 

48.5 ± 2.6 

49.4 7.1 

159 

48.9 2.4 

50.9 ^ 6.9 

9-10 

161 

50.2 :+: 2.2 

54.6 8.2 

180 

50.9 ± 3.2 

55.5 It 8.3 

10-11 

U6 

51.8 2.6 

59.5 ztz 7.4 

173 

52.2 ifi 2.8 

59.3 It 9.3 

11-12 

144 

53.7 ± 2.6 

64.2 dt 8.3 

137 

54.3 3.2 

65.7 It 11.2 

12-13 

128 

55.7 :t. 2.5 

71.3 zt 4.1 

122 

5G.S 3.2 

7o,o ti 13.7 

13-U 

107 

57.4 3.0 

78.8 ±: 11.8 

111 

oS.Gzir 2.8 

83.7 ti 14.6 

14-15 

So 

58.5 ± 3.2 

84.7 ± 13.4 

68 

59.4 ± 10.1 

92.3 t: 14.1 

15-10 

14 

C0.5 ±: 2.0 

94.4 ± 12.5 

14 

61.1 ± 2.8 

100.3 zt 14.7 


* Mean and standard deviation. 


The Aveight of the children Avas measured on a beam balance. 
As there is little seasonal variation in the warm climate of 
Jamaica, the clothes of the children Avere light in Aveight 
Ihronghout the year, so the children were measured clothed, 
but Avithout their socks and shoes. 
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Befereiice to table 4 shows that the male and female rats 
on the basal diet (containing no added fat or em\ilsifier) 
gained 269 and 153 gm, respectively, during the initial 12 
weeks. 

The average weight gains of the 5% emulsifier groups in 
12 weeks ranged from 254 to 281 gm for the males and from 
141 to 156 gm for the females. Statistical analysis according 
to the multiple range test of Duncan (’53) shows that none 
of these gains was significantly dilTei'ent (at the p = 0.05 
level) from those of the basal control group. The only animals 
in the 5% emulsifier groups whose 12-week gain was signifi- 
cantly lower than the corresponding Primex animals, were 
the male rats on Tween 80. 

The 12-week gains for the males at the 10% level of emulsi- 
fiers ranged from 239 to 250 gm, whereas the 10% Primex 
males gained 273 gm ; the average gains for the corresponding 
females were 140 to 152 gm in the emulsifier groups and 152 
gm in the Primex group. The differences between these gains 
in the emulsifier groups and either the control or Primex 
groups wore likewise found not to bo statistically significant 
according to the same criterion. 

Increasing the dietary level of supplementation to 20% 
resulted in some growth depression in the emulsifier groups. 
The gain of 253 gm for the males on the 20% Myrj 45 diet 
was not significantly less than that of the basal controls. 
However the 12-week gains of the males in the remaining 
emulsifier groups ranged between 212 and 223 gm and Avere 
significantly lower. Among the females in the 20% groups, 
the range of weight gains on the emulsifier diets was 136 to 
148 gm, the differences from the controls being not significant. 
The weight gains of the 20% Primex animals, both male and 
female, were statistically higher than those of the comparable 
control rats. 

To sum up, it may be stated that at the 5 and 10% dose 
levels the differences in 12-Aveek average net gain between 
the emulsifier groups and the controls were not statistically 
significant; and at the 20% level the gains in the emulsifier 
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fore the gross weight and height gains would not he an 
adequate measure of the response to the treatment. 

For each individual, the rate of weight gain in pounds per 
month and the rate of height in inches per month were 
calculated by the method of least squares. An analysis of 
variance (Snedeeor, ’46) of these data was made for each of 
the two variables. 

The conclusions which were indicated by the variance 
analysis are: (1) the rate of weight gain differs among the 
treatments; (2) The rate of height gain is not significantly 


TABLE 4 

Groicth mraauremrnffi of Jamaican chUdrcn 



AV. hate of weight gaix 

POi:>‘DS PEK HOXTH 

AV. P.ATE or HEIGHT GAIN 
IKCHES PER MOHTH 

Control 

O.CO ± 0.031 * 

0,184 ^ 0.0049^ 

Vitamin Bj. 

0,56 i 0.031 

0.175 i 0.0049 

Aureomycin 

0,67 ± 0.032 

0.178 :t: 0.0050 

Yitaniin Bj, aureomycin 

0.66 ± 0.032 

0.176 0.0050 

Toicn 

Yallahs 

0.66 

0.178 

Maxfield Park 

O.oS 

0.201 

Aeolus Valley 

0.69 

0.168 

St. Benedict 

0.56 

0.165 

Grove 

0.46 

0.151 

Bull Bay 

0.75 

0.146 


' Standard error. 


different from treatment to treatment; (3) Both the rate of 
weight gain and the rate of height gain differ among the 
towns; (4) The differences (or non-difference in the case of 
height) among the treatments are not affected by the differ- 
ences among the towns. 

The averages for the treatments and towns are shown in 
table 4. 

Since hoih groups of children who received aureomycin 
showed greater rates of weight gain than the other groups, 
it seems probable that aureomycin had a significant positive 
effect. It must bo pointed out, however, that the effect was 



TABLE 5 

Comparison of responses of four generations of rats (five of each sex per group) during lO xocel: feeding periods on test diets 




\ 


Bi 2 AUEEOJIYCIIT AITD HtlAIAIT GBOWTH 


161 


and palpable liver. The definition of these signs in general 
followed that of Abbott ('50), Bni’gess and Laidin ('50), and 
Jelliffe and Williams ('54). The picture wMcb emerged from 
this work was that of marginal malnutrition; for example 
ehelosis was found in 5% of tbe population, dry rough skin 
on the legs in 40%, tongue abnormahties in 20% and a pal- 
pable liver in 10%. There appeared to be no important dif- 
ferences in the chnical signs following the administration of 
the supplements. Particular attention was paid to evidence 
of toxicity resulting from the administration of the vitamin 
Bi 2 or aureomycin, but no such evidence was observed. 

Parasitic infestations. Through the courtesy of Dr. Oscar 
Felsenfeld and his group from Chicago an assessment was ob- 
tained for the incidence of parasitological infestation of these 
children. 

A low incidence of infestation with hookworm (1.5%) and 
asearis (2.6%) was found. The incidence of Trichuris trichura 
(4%) and Guardia lamblia (14%) was greater, although, in 
comparison with African coromunities, it is very low indeed 
(!l\fcGregor and Smith, '52). This is probably due to the ef- 
ficient and continuous regular treatment by the Public Health 
Authorities. The children in Jamaican school receive at 
regular intervals treatment for intestinal parasites. This 
treatment by the Public Health Authorities was a continuous 
and constant factor and was not altered during the period of 
this study. hTo antibiotics were given by the Public Health 
Authorities. There were no important differences in the in- 
festation rates amongst the 4 groups of children. It is in- 
teresting to note that in 39% of the cases, the stools con- 
tained large amounts of undigested food. 

Malaria officers of the Island Medical Service kindly ex- 
amined the schools in our area during the time of our survev. 
The children were examined for enlargement of the spleen. 
The blood smears were taken from all of those with enlarged 
spleens and random samples of others. Of 698 children ex- 
amined, 18.2% showed splenic enlargement and 27.0% of all 
blood smears taken were positive. 
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nificaiii -when the clifrerences in caloric density of the diets 
were taken into account. However even after such adjust- 
ment was made, tlie variances due 1)olh to levels of the emulsi- 
fiers and generations proved to he significant. 


F 


0 


XT 


" 1 




F 


3 




Prxmcx 




•55 





Myrj 52 




Span 60 




T'^'ccn 60 




Tween 65 





Tween 60 



per cent in diet 



0 5 10 


To 


Mixture 


Fig. 4 Clianges in efficiency of caloric utilization (ECU) ■with increasing 
dietary level of emulsifiers or Primex in 4 successive generations of rats. 
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from North American subjects but there appears to be eom- 
parati"vely less albumin and more globulin in the Jamaican 
children. A group of 31 normal adults, not "West Indians, 
but living in Jamaica, was found to have an average concen- 
tration of serum protein of 7.12 g"m % and an average con- 
centration of serum albumin of 4.25 gm % . The hemoglobin 
concentration appears to be definitely below average values 
for children from other areas of the woi’ld (HawMns and 

TABLE 5 


BJood constituents in the groups of children after dietary supplementation 


CO-SSTITUENT 


COXTBOn 
(Group I) 

VITAillX 
(Group II) 

AUKEOMYCrX 
(Group III) 

ATIimOMYCIX + 
VITAAfIK B,2 
(Group IT) 

Total serum 

Ko. 

52 

47 

50 

49 

protein, gm % 

Mean 

7.40 

7.35 

7.29 

7.37 

(Gradient tube) 

s.n. 

0.32 

0.41 

0.51 

0.40 

Total serum 


52 

47 

50 

49 

protein, gm % 

Mean 

7.39 

7.33 

7.24 

7.33 

(Colorimetric) 

S.B. 

0.32 

0.39 

0.43 

0.41 

Serum albumin, 

Ko. 

52 

47 

50 

49 

gm % 

Mean 

3.85 

3.71 

3.62 

3.76 

(Colorimetric) 

S.D. 

0.36 

0.39 

0.32 

0.34 

Haemoglobin, 

Xo. 

52 

47 

50 

49 

gm % 

Mean 

11.44 

11.69 

11.91 

11.29 


S.D. 

1.7 

1.8 

1.4 

1.5 

Serum cholin- 

Xo. 

16 

20 

16 

15 

esterase, 

Mean 

51 

53 

50 

49 

QcOj 

S.D. 

8 

9 

11 

9 


Kline, ’50). The non-West Indian group of adults (15 males 
and 16 females) had an average of 14.4 gm % hemoglobin. 

^Measurements of the concentration of vitamin Bjo after 
administration of a test dose of this substance have been 
reported elsewhere (Patrick, ’55). It was found that 19 of 
the children from group I had an average serum concentration 
of vitamin Bjo of 0.21m(jg/ml, in close agreement with the 
values quoted for healthy North American adults (Rosenthal 
and Sarett, ’52). Nineteen of the children from group U had 
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indicated l)y the dual lines for this emulsifier in table 6 show- 
ing that the ECU values for the Fo generation, while not 
significantly liigher lhan for Fj, were liigher than for F» 
and F3. 

In the case of the Span 60 scries it is interesting to recall 
that the growth response in the Fo generation was somewhat 

TABLE 7 

Grouping of KCU vahics accordivf; to litatistical sipnificancc of (liffcrcncrs 
among generations and dictarn levels ' 

flKNKRATIONP IUKTAUV LKVKRS 

1\ V 2 I'a lOC; 

Myrj "io 

Myrj 52 — 

Span GO — - 

Tween CO - — — 

Twcoii G5 

Tween 80 — 

^fixture — 

Priinex = — = 


‘ Generations or levels not included in the continuous lines are significantly dif- 
ferent (p = 0.05) from those so included, according to Duncan’s multiple range 
and multiple F tests. 

'0, 5 and 10% Primex groups, the latter two being included to provide ortho- 
gonality. 


lower than that in the other emulsifier groups; however this 
inferior performance was not seen in the subsequent genei'a- 
tions nor was it evident in the data for ECU. 

The most probable explanation for the generally higher 
ECU values in the first generation rats is that Avheu placed 
on the test diets the Fo animals’ prenatal and preweaning 
nutrition was qualitatively, if not quantitatively, different 






'-11 yi'iirs 200(i 00..’; 05 207.5 0i;i.5 13.07 2218 1.17!) 1.312 8.57 
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Myrj 45, ^lyrj 52, Span 60, Tween 60, Tween 65, Tween 80 
and a mixture thereof. The parent generation consisted of 
810 rats. Three successive generations comprising 1440 addi- 
tional rats were likewise observed for growth, food efliciency 
and reproductive performance. 

Observations were made of body weight and food consump- 
tion permitting estimates of the efliciency of food utilization; 
hemocytology and hemocheiuistry ; physical appearance and 
behavior; water consumption; taxation; metabolic utiliza- 
tion of the partial esters; reproduction and lactation mor- 
tality rates : and gross and microscopic pathology. The find- 
ings and conclusions are to he reported in a series of papers 
of which this is the first. 

The growth responses of the emulsifier groups at the 5 or 
10% levels were not significantly different from the controls. 
Tlie only emulsifier group at these levels showing a signifi- 
cantly lower gain than the corresponding Primex group were 
the males on 5% Tween 80. At the 20% level the males (but 
not the females) in all emulsifier groups except Myrj 45 
showed a moderate but statistically significant reduction in 
weight gain as compared with the controls; the 20% Primex 
group gained even more than the controls. 

Since food consumption records were maintained for the 
first 12 weeks of the test and the growth curves plotted on 
a log weight: reciprocal age basis were essentially linear, 
extensive statistical analj’^ses were made for this initial period. 
The data reveal a trend in the direction of higher food intake 
with increasing emulsifier level whereas the opposite was 
noted in the Primex groups whose diets, in contrast with the 
emulsifier diets, increased substantially in caloric density as 
the fat level increased. Eegardless of the test supplement 
fed, the efficiency of food utilization (EPU) as well as the 
efficiency of caloric utilization (ECU) were somewhat higher 
in the initial (Po) generation than in the succeeding genera- 
tions. This may be explained by the difference in nutritional 
reserves at weaning between the first generation and all the 
descendent generations. 
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the influence of these factors in human subjects should be 
undertahen as, should a positive effect be observed upon 
growth it might provide us ^vith a means of alleviating mal- 
nutrition. The obvious way to alleviate malnutrition is to 
remedy all of the dietary deficiencies but this is not always 
a practical possibility in tropical areas such as the Caribbean, 
and therefore the importance of examining any suggestions 
for a solution to nutritional problems cannot be over-empha- 
sized. For this reason this study was undertaken. 

The results obtained here suggest that aureomycin has a 
slight positive effect on weight gain, but no effect on height 
gain in these children. There was no positive effect observed 
from the administration of vitamin B12, but it should be em- 
phasized that for the practical purpose of alleviating mal- 
nutrition these results are disappointing and it is unlikely 
that such factors would be of any practical value in dealing 
with the problem of growth failure where marginal malnu- 
trition exists. 

It might be that more obvious effects would be observed 
in a population which was more chronically and severely 
undernourished than that in Jamaica. The Ioav intake of ani- 
mal protein at first suggested that the children may have 
been deficient in vitamin B12 but the estimations of serum 
B,2 concentration failed to confirm this. 

The estimation of nutritional status where the malnutrition 
is only marginal is a difiicult assessment and we have yet to 
find a satisfactory index for this measurement. "We had 
thought that growth measurement might be most helpful, 
and this may be the case in large groups of children, but in 
tlie individual case it is probably of little value. 

Tlie study is self-consistent; that is, it was run in several 
towns and the results are essentially the same in all the 
(owns. Since there is this high degree of internal consistency 
we believe that the explanation of the disagreement of the 
results here with other studies must be due to factors which 
distinguish the children in Jamaica from the children who 
were subjects of the other studies. 
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In recent years advances in biochemical techniques have 
made it possible to increase the number of metabolic responses 
that can be observed simultaneously. This investigation was 
planned to explore possible biochemical ditTerences in the 
metabolism of fat and carbohydrate among women of aver- 
age, above and less than average body fat through simul- 
taneous I’cspiration studies and analyses of various blood 
and urinary constituents before and following test meals high 
in fat or carbohydrate. 



TARLi: 1 

rinjMcdl tlescriptinn of 

finl) jects 




snuKcT*^ 



l/ndrrweiKhl 

Avrrrtgr wvlclit 

OvtTtt'cicht 

No. 

7 

7 

7 

Age, years 

Kangc 

25 to 51 

25 to 52 

25 to 57 

Mean 

3G 

30 

40 

Height, cm 

Range 

154.5 to 108.0 

157.0 to 173.0 

101.5 to 1G7.S 

Mean 

1G3.4 

104.8 

164,5 

Weight, kg 

Range 

40.0 to 52.5 

53.5 to 00.9 

70.2 to 112.0 

Mean 

40.S 

00.9 

S7,5 

Percentage deviation 
from desirable 
weight 

Range 

— 12 to — 21 

~ 10 to -f- 13 

4- 21 to + 06 

Mean 

— 15.5 

— 0.5 

3o.y 


EXPERIMENTAL PLAN 

Twenty-one women, from 25 to 57 years of age, wore sub- 
jects (table 1). All were in good health and physically active; 
7 were married and 6 had had children. The subjects were 
grouped into three classes: overweight, greater than 15% 
above; average weight, within -f- 15 to — 10% of; and under- 
weight, more than 10% below desirable "weight. The desirable 
weight for each subject was estimated from tables of the 
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TWO nOTTEES 

It is well known that in ulcerative colitis, obstructive jaun- 
dice, enteritis and various non-specific diarrhoeas and dysen- 
teries, absorption of essential nutrients from the intestinal 
tract may be greatly impaired. This condition may be as- 
sociated with a weakening of the metabolic body processes 
due to the lack of absorption of the essential dietary nutrients. 

iMedical literature contains reports of the failure of patients 
to respond to either the oral or parenteral administration of 
nutrients and drugs. Vilter et al. (’53) demonstrated that 
pyridoxine when applied topically in an ointment was effective 
in the treatment of seborrheic dermatitis of the sicca type, 
whereas oral or parenteral treatment was ineffective. It was 
reported by Dainow ( ’52) that niacin topically applied to the 
skin lesions of pellagi’ins caused a dramatic response in heal- 
ing of the lesions. This type of lesion requires a long period 
of oral therapy to produce complete remission. Sobel and 
Rosenberg ( ’53) stated that topical application of vitamin A 
was nearly as effective in overcoming vitamin A deficiency in 
rats as when the vitamin was given orally. 

The present work is an extension of experiments which were 
recently the subject of a preliminary report (Greene et al., 
’54). Due to the comparative ease with which vitamin de- 

‘ Present .address; Department of Health, Education, and Welfare, Kation In- 
stitutes of He,aUh, Bethesda 14, Md. 
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A fasting capillary blood sample was taken from the finger 
and sampled immediately for glucose and pyruvic acid anal- 
yses; fasting capillary serum was obtained for chylomicron 
counts and analysis of total lipids. A fasting urine collection 
was made preceding the administration of the meal. 

Capillary blood samples were obtained one-half, one, two, 
three, 4, and 5 hours after the subject had finished the test 
meal. Blood glucose concentrations and serum chylomicron 
counts were determined for each blood sample; pyruvic acid 
and serum total lipid concentrations were determined for 
the one-, three- and 5-hour samples only. The volume of ex- 
pired air was measured for single 8-minule periods at one, 
three and 5 hours after the test meals and sampled for gas 
analyses. The subject was at bed rest preceding each measure- 
ment of expired air. Urine samples were obtained at one, 
three and 5 hours after completion of the test meals. The 
subjects were in the laboratoxw during the entire test period. 
They were allowed to converse, read, write or do hand sowing 
except for the periods of bed I’est. No food other than the 
tost meal was consumed and water was permitted only in 
small amounts at the end of each expiratory air sampling 
period; there was no smoking. 

Anahjiical incihods. The metering device of the Kofranyi- 
i\Iichaolis respirometer was calibrated and correction factors 
for absorption and diffusion of carbon dioxide and oxygen 
in the rubber collection bag were established. Samples of 
expired air were analj’^zed for carbon dioxide and oxygen 
by the conventional Haldane-Henderson-Bailey method (Pe- 
ters and Van Slyke, ’32). Overall respiratory quotients, 
total oxygen consumption, noix-protein respiratory quotients 
and total heat production were calculated according to Brody 
(’45). The Zuntz non-protein respiratoxy qxxotient factors 
were xxsed for converting oxygexx coxisxxxnptioix to caloi’ies per 
liter. Whexx the determined xxon-protein respiratory quotients 
were greater than 1.00 or less than 0.70, the Zuntz factors 
for 1.00 axxd 0.70, respectively, were used. DixBois (’36) has 
showxi that the error of such a proecdxxre is negligible. Enox-gj' 
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the rats were confined in a tight-fitting wire enclosure to pre- 
vent any access to the ointment with their feet or tongues. 
During this period food and water were withdrawn. After 
the absorption interval, the area of ointment application was 
washed with soap and water and then with alcohol. At the 
times indicated in the tables the urinaiy excretion of the vita- 
mins was measured. For this, the rats, after treatment as 
above, were placed in metabolism cages with food removed 
and a 16-hour urine sample collected for assay. 

To demonstrate that the results obtained are a measure of 
skin absorption and not of rupture of the epidermal skin layer 
during denuding, 100 times the lethal dose of curare was ad- 
ministered in a manner similar to that used for the vitamins. 
None of the animals so treated exhibited any symptoms of 
curare poisoning. 

RESULTS 

Transfer of vitamins through skin hy topical 
application of thiamine 

To test the efficacy of different ointment bases or diluents 
as vehicles for topical application of individual vitamins, 
Plastibase Hydrophilic ® and a Carbo-wax ointment base 
CMC-120,® were compared with a 3.75% solution of vanillin 
in 25% alcohol. Ten milligrams of ointment were applied to 
the denuded area, dosage of the vitamin being as indicated in 
table 1. The results of a typical experiment indicate that 
Plastibase Hydrophilic is an excellent medium for absorption 
of topically applied thiamine and is superior to either Carbo- 
Avax CMC-120 or A'anillin solution. In mew of the small dosage 
of thiamine applied to the skin, and the fact that only two 
hours Avas alloAved for absorption, the utilization of the 
topically applied thiamine as measured by body Aveight gain 
and urinary excretion is considered highly efficient. Eats hav- 

* Plnstibnse Hydrophilic is a Squibb Trade name. The preparation used Tras an 
olcajrinous type of base, consisting of polyethylene and 95% mineral oil, to 
which 5% of glycerol monoolcate was added to render it hydrophilic. 

*This ointment is a water-soluble mixture of polyethylene glycol and car- 
boxymethyl cellulose. 
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ing symptoms of polyneuritis treated in this manner rapidly 
recovered and gamed in body "weight at a normal rate. 

Riboflavin. The utilization of riboflavin after topical ap- 
plication is illustrated by the data in table 2. The results, 
as measured by body weight gain and urinary excretion, in- 
dicate that either Plastibase Hydrophilic or vanillin solution 
is a satisfactory vehicle for the adsorption of riboflavin. The 
dose of 500 |jg of riboflavin administered t\vo times per week 
in the Plastibase Hydrophilic was not quite as efficient as 



Fig. 1 Skin absorption of calcium pantothenate. 


250 fjg fed orally. As was noted in the absorption of thiamine, 
Carbo-wax CMC-120 as a vehicle for riboflavin is inferior to 
either Plastibase Hydrophilic or vanillin solution. 

Pantothenic acid. Unpublished experiments in this labora- 
tory using hooded rats fed a semipurified complete diet, with 
only calcium pantothenate omitted, resulted in a gradual ces- 
sation of growth accompanied by a greying of the dark hair 
in two to 5 weeks. Addition of calcium pantothenate (20 mg 
per kilogram of diet) to the above deficient diet prevented this 
syndrome, or cured the syndrome after its manifestation. 




39S 


lIAWTIIOnXK, nUKWEH AND OIILSOX 

inenls in enorgy expondiluros at'for I lie high-fat test meal wore 
significantly higlier for llio underweight subjects than for tlie 
average and ovei-weight subjects; differences among groups 
following the high-carbohydrate test meal were not signifi- 
cant. Further, the mean calorie expenditure for the under- 
weights was less after the high-carbohydrate test meal than 
after the high-fat test meal, whereas the majority of the 
overweight and average weight subjects showed the greater 
calorie expenditure following the high-carbohydrate test meal. 

The observed dynamic elTect of food may be affected by the 
nutrient combination in which it is metabolized, the method 
of disposition of absorbed nutrients by the individual and 
by the technique of measurement. The difl’erences in energj’’ 
expense following the test meals in this study suggest that 
the underweight subjects may have had a metabolic pattern 
different from that of the average or overweight subjects, 
although the calorie differences were quantitatively small. 

The mean fasting non-protein respiratory quotients for 
the underweight, average weight and overweight subjects 
were 0.83, 0.83 and 0.79, respectively; the differences were 
not statistically significant. Following the high-carbohydrate 
tost meal, the changes in mean respiratory quotients of the 
overweight and average weight groiips wore similar; the 
underweights had a delayed decrease in respiratory quotient 
from peak values. In contrast, peak responses were reached 
less quickly for the overweight subjects than for the others 
after the high-fat test meal. 

Blood ghicose and gyruvic acid. There was a highly signifi- 
cant relationship between the fasting glucose concentrations 
in capillary blood and the percentage deviations from de- 
sirable weight (fig. 2). Eleven of the 14 fasting values for 
the 7 overweight subjects were between 90 and 101 mg/100 ml 
of blood, whereas only three fasting values for the average 
Aveight and one for the underweight subjects equalled or 
exceeded 90 mg/100 ml. Previous studies indicating that fast- 
ing blood glucose concentrations were higher among oA'er- 
weight than among average weight subjects have been clinical 
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In figure 2, the result of the topical application of 20 mg of 
pyi’idoxine, tivice per week, in a 3.75% solution of vanillin, 
is shown. Topical application was made at the point where 
the weight of the rats plateaued for three days, and when 
scaly lesions on the front feet and about the mouth appeared. 
Increase in weight with a gradual disappearance of the scaly 
lesions in 14 days resulted. The resumption of growth and 
the cure of acrodynia symptoms show that the pyridoxine was 
effectively transferred through the skin. 

In the pyridoxine and calcium pantothenate experiments, 
about 2 cm- of hair was removed from the scapular region, 

TABLE 3 


Effect of iopicaUy administered vitamin D to vitamin V-deficieni rats 


TEST DOSE 
U.S.P, EXITS 

Ko, or 

EATS 

METHOD or DOSIXG 

AVEP^GE DEGP.ee 
OP HEAEIXG 

5 

9 

Alcoholic solution, topical 

5.44 + 

10 

10 

Alcoholic solution, topical 

6.60 -f 

20 

9 

Alcoholic solution, topical 

9.00 4- 

40 

10 

Alcoholic solution, topical 

11.00 4- 

5 

10 

Plastibase hydrophilic, topical 

4.20 4- 

10 

9 

Plastibase hydrophilic, topical 

7.10 4^ 

20 

10 

Plastibase hydrophilic, topical 

8.20 4- 

40 

10 

Plastibase hydrophilic, topical 

lO.SO 4- 

3.2 

10 

Standard D oil, oral 

4.00 4" 

4,5 

9 

Standard D oil, oral 

5.33 4- 


then the vitamin was applied by dropping the dose from a 
calibrated syringe. The rats were immediately immobilized 
in a wire enclosure for two hours. After the absorption period 
the rats were removed from the enclosure and the region of 
topical application was thoroughly washed. 

Vitamin D. In the vitamin D expei’iments, doses of calci- 
ferol theoretically containing 40,000,000 IT.S.P. units of vita- 
min D per gram were taken up in a 20% alcoholic solution or 
mixed in Plastibase Hydrophilic. The effect of administering 
vitamin D topically was compared to feeding vitamin D orallv 
as prescribed by the U.S.P. XIV line test (’50), where the 
standard reference sample contained 400 U.S.P. units of vita- 
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to tile higher mean fasting values in this group; the incre- 
ments of elevation above fasting concentrations were higher, 
hut not significantly higher, among the overweight subjects 
than among the average or underweight subjects. On the 
other hand, the mean blood glucose concentrations of the 
overweight subjects were significantly lower than fasting 
concentrations at the 4th and 5th hours; this response was 
not observed among the other two groups. 

Following the high-carbohydrate test meal, there were no 
significant group differences in blood glucose concentration 
until the second hour, although the mean values for the over- 
weight group were consistent!}’’ higher than those of the other 
groups. At the second hour the mean blood glucose concen- 
tration of the overweight subjects was significantly higher 
than that of tlie average weight subjects but not of the under- 
weight subjects. This higher concentration of the overweight 
group again was related in part to their higher fasting con- 
centrations. And again at the 4th and 5th hours the blood 
glucose concentrations of the overweight subjects were below 
their fasting concentrations. The decrease in blood sugar was 
particulai’ly rapid in view of the higher concentration for 
this group at the one-half hour period. Thus a distinct pat- 
tern of response was observed among the overweight sub- 
^ jects in the decrease of blood glucose concentrations below 
fasting values at the 4th and 5th hours following both test 
meals. The occurrence of greater post-absorptive hypogly- 
cemias following carbohydrate feeding among obese than 
among “normal” subjects has been observed previously 
(Ogilvie, ’35). 

Mean fasting concentrations of blood pyruvic acid were 
0.85, 1.02 and 1,22 mg/100 ml of blood for the underweight, 
average weight and overweight subjects, respectively. The 
mean fasting concentration reported by Meyer and Winkler 
(’52) for underweights was 0,89 and for overweights, 1,08 
mg/100 ml. 

Following the high-fat test meal, there was little change 
in blood pyruvic acid concentrations for any subject from 



TOPICAL ABSOKPTION OF TITAiVIlirS 


179 


SIMilAET 

Tile absorption of topically applied vitamins by tbe rat 
bas been determined. In view of tbe small doses of tbe vita- 
mins (tbiamine, riboflavin, pantotbenic acid, pyridosine and 
vitamin D) administered and tbe limited time allowed for 
absorption, tbe ntilization of tbe vitamins studied is consid- 
ered bigbly efficient. In addition to tbe body weight gain 
responses, and tbe prevention or cnre of deficiency symptoms, 
tbe data on nrinary excretion of tbiamine and riboflavin sub- 
stantiate tbe conclusion. 

In general, a plasticized hydrocarbon water-absorbing gel 
ointment base was superior to a carbowax preparation as a 
vehicle for skin transfer of tbe vitamins studied. An alcoholic 
vanillin solution was also an effective vehicle for tbe skin ab- 
sorption of riboflavin, pantotbenic acid, pyridoxine and 
vitamin D. 
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^TITAMIN K ACTmTY OF MENADIONE SODIUM 
BISULFITE IN CHICKENS ^ 


DOL'GLAS Y. TEOST, HEXEY S. PEEDUE 
AND HE^^^T C. SPRUTH 
Ahhott Lcil)oratorieSj Korih Chicago, Ulinois 

rVYO FIGUTiES 

(Received for publication October 13, 1955) 

Experimental use of a water-soluble menadione sodium 
bisulfite complex in outbreaks of the chick hemorrhagic svn- 
drome was described by Goldhaft and 'Wernicofi (’54) and 
by Frost and Spruth (’55). Although adequate controls were 
not used in these field studies, there appeared to be little 
doubt that menadione sodium bisulfite had a positive effect 
in reducing clotting time and mortality in the treated flocks. 
As cited by Goldhaft and 'Wernicoff, “The only product which 
gave any uniform results was Menadione bisulphite added 
to the drinking water at a level of 10 mg per gallon of water.” 
The authenticity of these reports received independent sup- 
port from Bornstein and Samberg (’54). These workers 
reported dramatic reduction in clotting time within 4 hours 
in commercial chickens in Israel following injections of mena- 
dione sodium bisulfite. Examination of these three reports 
strongly suggests that a marginal deficiency of vitamin K 
may have been aggravated by the use of sulfonamide drugs 
at levels and for time periods much in excess of those recom- 
mended. In line with these findings, Frost and Spruth (’55) 
found the requirement for vitamin K greatly increased in 
chicks fed a vitamin K-low diet with 0.1% of sulfaquinoxaline 
and discovered the vitamin K activity of menadione sodium 
bisulfite complex to be at least 4 times that of menadione. 

■ Thi-i work w.os reported in part to the .\mcrican Institute of .Vutrition in San 
Francisco, April, 195,1. Federation Proe., 14 : 434. 
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three groups seemed iiicousistent with the prevalent view 
that a significant rise in total scrum lipids occurs following 
the ingestion of fat (lietenyi, ’36; Peters and Van Slyhe, ’46; 
Frazer, ’53). Tliree studies of fat tolerance following fat 
feeding have reported changes of total lipid concentrations 
of magnitudes similar to those found in this investigation 
(Pony and Levy, ’29; Corcoran and Eahinowitch, ’37; Herz- 
stein et ah, ’53). Post-prandial blood lipid concentrations 
are known to be influenced by the amount of fat fed, by exer- 
cise, carbohydrate content of the test meal and tlie analysis 
of capillary rather than venous serum. 

Following the high-carbohydrate test meal, fluctuations in 
serum chylomicron concentrations Avere observed among 4 
of the ovei'Aveight subjects. Although there Avere indiA’idual 
differences, the mean concentrations of the oveiuveight group 
AA'ere significantly higher than those of the average Aveight 
or undel'Aveight groups at the one-half and third hours. In- 
creases in concentrations of capillary serum total lipids also 
AA'cre observed folloAving the high-carbohydrate test meal in 
5 OAmrAveight subjects and tAvo average Aveight subjects. Ele- 
Amted serum total lipid concentrations occurred in three of 
the same subjects in Avhich elcA^ated chylomicron counts Avere 
obseiwed, but 4 subjects shoAved elcA’^ated serum total lipid 
concentrations AAdthout measured increases in chylomicron 
concentrations folloAA’ing carbohydrate ingestion. Further, 
increased concentrations of the tAvo did not necessarily occur 
concurrently eA'^en Avhen both Avere obserAmd in the same in- 
dividual. 

Urinary findings. Marked indiA^’idual Amriation charactoi*- 
ized the fasting hourly urinary nitrogen excretions; this 
variation existed both Avithin groAips and betAvecn days for 
the same indmdual. The differences among grouiss Avere not 
statistically significant. Both test meals had the effect of 
decreasing hourly nitrogen excretions among all groups. 
HoAvever, the mean total 5-hour nitrogen excretions of the 
underAveight subjects Avere significantly less than those of 
the other tAvo groups folloAving both test meals. The data 
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among tlie overweight than among the average or under- 
weight subjects; blood pyruvic acid concentrations wore sig- 
nificantly higher among the overweight than among the 
underweight subjects; tlie ratio of blood pyruvic acid to 
glucose was higher among the overweight and lower among 
the underweight than it was among the average weight sub- 
jects; and, whereas there wore no significant group differ- 
ences among the various blood lipid constituents measured, 
fasting chylomicron counts were higher among the over- 
weight subjects than among the other two groups. 

Age has been reported as a factor influencing the fasting 
or basal metabolic pattern of individuals. The moan age and 
range of ages for subjects on the three groups in this investi- 
gation were comparable (table 1). Further, the data for the 
5 subjects of 50 or more years woi’C considered in relation 
to the younger subjects for all metabolites measured. In 
this study the rate of basal energy expenditure was not con- 
sistently decreased with ago. There was no eorrelation of 
respiratory qimtients, fasting glucose concentrations, fasting 
pyruvic acid concentrations or fasting hourly urinaiy nitro- 
gen excretions with ago. Although lower serum lipid concen- 
trations occurred generally in younger subjects, the relation- 
ship between age and serum lipid concentrations was not 
consistent. 

Interpretation of metabolic patterns following test meals 
is limited since individual differences may exist in both time 
and intensity of metabolic reactions and since statistical 
methods relating factors of time and degree of change are 
lacking. Variations of individual subjects within the over- 
weight, underweight and average weight groups in this in- 
vestigation corroborated findings of previous studies which 
have indicated that no single metabolic pattern is associated 
with the condition of overweight or underweight. Neverthe- 
less, certain differences in metabolic patterns associated with 
the overweight and underweight subjects were significantly 
greater than variations among individuals within the groups. 
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following the high fat test meal than those of the average or 
underweight subjects. 

The overweight subjects had significantly liigher energy 
expenditures at all hours following both test meals. Calorie 
increments above basal energy expenditures were not sig- 
nificantly higher than those of the other groups, however. 

The underweight subjects as a group displayed a metabolic 
pattern which differed less from that of the average weight 
subjects than did the pattern of the overweight group. How- 
ever, their metabolic pattern might be interpreted as indi- 
cating some greater preference for carbohydrate in metabo- 
lism. Following the high fat test meal, blood glucose con- 
centrations showed lower elevations and decreased to fasting 
values more rapidly than did those of the average weight 
subjects; concurrently, blood pyruvic acid concentrations 
showed the most marked elevation above fasting values of 
any group and the most rapid decrease to fasting values. The 
resulting high pyruvic acid to glucose ratio was in contrast 
to the low pyruvic acid to glucose ratio at fasting among the 
underweight subjects. Chylomicron and total lipid concen- 
trations early increased to the greatest extent of any group 
following the fat meal, but the subsequent rate of removal 
of these lipids from the blood was most rapid. Non-protein 
respiratory quotients were elevated longer than those of the 
other groups following the high-carbohydrate test meal. 

In addition, significantly higher cumulative calorie incre- 
ments follovdng the high-fat test meal and significantly lower 
cumulative nitrogen excretions for 5 hours following both 
meals were characteristic of the underweight group. 

STOBtART 

Metabolic patterns of a group of 7 overweight, 7 under- 
weight and 7 average weight women were investigated at 
fasting and following two test meals of varying cai’bohydrate 
and fat composition. Respiratory quotients, hourly energy 
expenditures and hourly urinai'y nitrogen excretions were 
determined simultaneously with blood glucose, blood pyruvic 
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rhagic manifestations as to maintain normal prothrombin 
time. This is in line "^vith the genera] evidence that blood 
clotting time is not seriously affected until prothrombin level 
falls below about 30% of normal. Hemorrhages were invari- 
ably found on autopsy in various tissues of birds in our tests 
where prothrombin concentrations were as low as 10% of 
normal. Occasionally hemorrhages accompanied prothrombin 
concentrations which were 40 to 50% of normal. 

TABL.E 5 

Comparative activity of v\enadione sodium 'bisxilfiie complex and menadione 
10 Straight-run Production Beds per group 

TEOTHROilBIN 

ADDITION' TO AV- 4 WEEK 

VITA5I1K K-Low DIET * VTEIGHT Average ^ of 

time normal 




firm 

seconds 


None 


306 

92.0 =: 

10.2' 

10 

Alfalfa, 29c + menadione, 2 gm/ton ^ 

352 

22.3 ±: 

0.6 

100 

Menadione 

j 30 mg/ton 

293 

73.3 2; 

6.4 

14 

sodium 

60 mg/ton 

334 

51.7 ±: 

3.2 

23 

bisulfite 

1 120 mg/ton 

357 

33.1 itr 

1.4 

49 

complex 

^ 240 mg/ton 

289 

24.2 it: 

1.4 

77 

1 

45 mg/ton 

326 

79.6 ■±z 

7.6 

13 

Menadione; 

90 mg/tou 

285 

64.2 — 

3.5 

18 


180 mg/ton 

385 

51 It: 

2.3 

25 


360 mg/ton 

314 

34.2 ifi 

2.1 

44 


* A.X.R.C. Reference ration minus alfalfa and menadione. 
= Standard error. 

* A.X.R.C. Reference diet. 


We were interested then to use the more critical prothrom- 
bin determination in assessing the relative values of the 
menadione sodium bisulfite complex and menadione as sole 
sources of vitamin K in the modified A.X.R.C. ration. The 
commercial premix containing 2..52 gm menadione sodium 
bisulfite, U.S.P./ per pound in calcite was used in this ex- 
periment. The experiment was set up with 10 straight-run 
Xew Hampshire (Production Bed) chicks per group. The 

* Four gram? of Klotogcn F. 
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tvvo lines shows the menadione sodium bisulfite complex to 
be three times as potent as menadione under these conditions. 

DISCUSSIOX 

The menadione sodium bisulfite complex used in these 
studies was found to he three times as effective as menadione 
as a source of vitamin K in the A.K.E.C. reference ration. 
This was not expected from work in the literature comparing 
menadione against its water-soluble foi’ms. The classic work 
of Quick et al. (’54) in dogs operated upon to produce com- 
plete absence of bile from the intestinal tract showed a 5000- 
fold increase in requirement for vitamin K, with no increase 
in requirement for menadione sodium bisulfite. 

The experiments in this laboratory indicate that when O.l^o 
of sulfaquinoxaline is added to vitamin K-low rations the 
requirement for vitamin K increases markedly. The require- 
ment for vitamin K in terms of the fat-soluble menadione 
increases disproportionately to that of the water-soluble 
menadione bisulfite. This suggests that massive sulfa therapy 
interferes with utilization of menadione, possibly by inter- 
fering with normal production of bile. 

A point which has not been generally recognized is how 
significantly sulfa drugs may increase the need for vitamin 
K. In preliminary laboratory experiments 2 gm of menadione 
sodium bisulfite complex per ton of feed proved inadequate 
to protect prothrombin levels in the presence of 0.06% of 
sulfaquinoxaline in the drinking water. Other experiments, 
to be described elsewhere, indicate that at least 10 gm of mena- 
dione sodium bisulfite complex per ton may be needed under 
those conditions, more than 10 times the requirement in the 
absence of sulfaquinoxaline. ^loreover the need for mena- 
dione under similar conditions appeared to be well in excess 
of 40 gm per ton. Goldhaft and IVernicoff (’54) reported that 
4 gm of menadione per ton did not prevent field hemorrhagic 
disease, whereas 10 mg of menadione bisulfite per gallon of 
drinking water appeared to effect a cure. Again, the field 
eases with which we have had direct contact (Frost and 
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tlie equally rapid recovery following vitamin K therapy. The 
symptoms of sulfaquinoxaline poisoning described by Dela- 
plane and Milliff (’48) and by Davies and Kendall (’53) are 
not unlike those ■which characterize the hemorrhagic syn- 
drome. The latter authors suggest that the chnical picture 
in the field is generally complicated by other disease. They 
cite the observation recently confirmed by Yaco'witz et al. 
(’55) that toxic symptoms are more likely to develop in older 
chicks, and also cite the great variance among birds in sus- 
ceptibility to the toxicity, a fact which again has a direct 
parallel in flocks with “hemorrhagic disease.” 

Research is needed under a variety of conditions of diet 
and disease to establish more clearly the vitamin K needs 
of poultry. Hill (’55) has recently indicated that resistance 
to fowl typhoid is increased by appropriate high levels of 
certain vitamins. He states, ‘ ‘ Some vitamins, such as vitamin 
K, must be increased over the requirement for growth many 
times more than others in order to bring about increased 
resistance to typhoid.” Fowl typhoid and many other in- 
fectious diseases of poultry lead to hemorrhagic manifesta- 
tions (Goldhaft and 'Weruicoff, ’54) ; again suggesting that 
the so-called “hemorrhagic syndrome” is not a single entity 
but rather a complex. 

The high vitamin K potency of soybean oil was first re- 
ported by Almquist and Stokstad (’37). It is again worthy 
of note in the light of our findings that emergence of the 
“hemorrhagic .syidrome” as a disease entity (Gray et al., 
’54; Goldhaft and 'Weinicoff, ’54; Bornstein and Samberg, 
’54; and Cover et al., ’55) followed the general .shift from 
expellor to solvent extracted soybean oil meal in feeds. At- 
tention has been called (Anderson et al., ’.54, ’55) to the 
resultant decrease in vitamin Iv in poultry rations. 

The results of the study of the effect of adding animal fat 
to the above rations have been quite inconsistent. In one ex- 
periment the addition of 2^'c of animal fat to the simplified 
vitamin K-low diet appeared to enhance the value of mena- 
dione. In a subsequent experiment, however, the addition 
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urea, urea plus methionine, linseed oil meal, subterranean 
clover seed, casein, and whole egg protein supjilied 405^ of 
the ration’s total nitrogen and had biological values of 68.7, 
75.2, 79.7, 83.0, 82.0 and S6.7 respectively for the sheep. Slen 
and Wliiting (’55) have shown that lactalhumin is superior 
to linseed oil meal, peas, urea, or alfalfa for pregnant ewes. 
Ewes receiving lactalhumin made larger gains during preg- 
nancy and bore heavier lambs. 

With few exceptions, nitrogen balance trials with rumi- 
nants have been conducted with practical tyiie rations contain- 
ing two or more sources of nitrogen. The results from such 
trials cannot be attributed to any single protein but must be 
considered as the result of feeding a mixture of proteins. 

The object of this investigation was to determine the rela- 
tive efficiency of nitrogen utilization by lambs fed purified 
rations in which either a purified protein or urea supplied 
nearly 100% of the total nitrogen. Concurrent objectives 
were to determine metabolic and endogenous nitrogen values 
for lambs and to characterize each nitrogen source as to its 
solubility within the rumen. 


EXPERIMENTAL 

Wether lambs of Texas origin, weighing 63 to SO lbs., were 
used in this experiment. A ruminal cannula -was fitted in each 
lamb. The composition of the purified ration used in this ex- 
peinment is shown in table 1. The ration was fed in two 
separate portions: the basal or nitrogen-free ration and the 
nitrogen-vitamin supplement. Preliminary tests with other 
lambs indicated that the ration was not palatable to most 
lambs over an extended feeding pei’iod. To improve palata- 
bility the basal ration was mixed Avith water to give it a 23% 
moisture content, autoclaved at 15 p.s.i. for 25 minutes, and 
dried over steam coils. The nitrogen and vitamin supple- 
ment Avas added to the basal ration at feeding. The individual 
nitrogen sources used Avere urea,- gelatin, casein, boAune blood 
* Courtesy E. I. duPont Company, Wilmington, Delaware, 
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related to the severity of vitamin K deficiency. Grovtli vas 
inhibited only when vitamin K deficiency was profound. 

The incidence of the field hemorrhagic syndrome in various 
areas of the world since 1951-52 is thought to he related to 
a decreased content of vitamin K in feeds, coupled in part 
with overmedication with drugs which markedly increase the 
need for vitamin K. Hypoprothrombinemia caused by inten- 
sive sulfa medication was shown in these studies to create 
unusual requirements for vitamin K. High intake of a readily 
available source of vitamin K was found to greatly minimize 
the over-all injury resulting from excessive sulfa drug. 

ADDENDUM 

Recently we have observed petechial hemorrhages in com- 
mercial flocks where the blood and prothrombin clotting times 
wore normal. These flocks shoAved high incidence of enteritis, 
slight anemia, and some abnormalities in the spleen and other 
tissue. It is not yet clear whether this condition results from 
infectious disease or dietary cause. In any case adequate 
vitamin K must be supplied as a prerequisite to the search for 
other factors AA’hich may cause hemorrhage. 
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for Aveight, during the nitrogen-free feeding period. The nitro- 
gen-free ration contained 0.004/t? of nitrogen by analysis. 
Lambs were force fed via ruminal cannula when feed refusals 
occurred on the nitrogen-free ration. 

An 8-day preliminary feeding period and a G-day collection 
period were used in this Avork. Nitrogen balance trials using 
the various nitrogen supidements Avere folloAved by a nitrogen- 
free feeding period. Fecal and urinary collections Avere made 
using metabolism stalls designed and built at this station. 
Total fecal and uidnary output Avere measui’cd daily and an 
aliquot of each frozen for analj'sis. Feces and urine Avere 
analyzed for nitrogen by the method of the Association of 
Official Agricultui'al Chemists (’45) Avith the exception that 
a 2% boric acid solution Avas used as the receiving fluid dur- 
ing distillation. Kuminal ammonia Avas determined by the 
method outlined by IlaAvk ( ’54) using CouAvay micro-diffusion 
cups. 

The original experimental design Avas a replicated 5 by 5 
Latin square Avith 10 randomly assigned lambs. Two sheep, 
one in each replicate, refused feed at sometime during the 
test. Therefore, the results Avere considered as being from 
randomly assigned indiA'iduals and analyzed by single classi- 
fication analysis of A’ariance as outlined by Snedecor (’46). 

RESULTS 

Endogenous and meioholic nitrogen values. Lambs trans- 
ferred to the nitrogen-free ration began refusing feed on the 
5th to the 7th day folloAving the ration change. Force feeding 
began Avhen feed refusals Avere first noted. Two sheep scoured 
on the 8th day and Avere removed from the nitrogen-free ra- 
tion. Fecal and urine collections Avere started on the 9th day 
and continued until the onset of scouring made separation of 
feces and ui-ine impossible. Values obtained from the nitro- 
gen-free period are slioAvn in table 2. 

Metabolic nitrogen Avas expressed tAvo Avays: milligrams 
per gram of dry matter intake (method 1) and milligrams per 
gram of fecal dry matter excreted (method 2). Metabolic ni- 
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Prom the several studies that have been reported concerning 
the effects of various fats and oils on the reproductive and 
lactation performance of the rat it is difficult to draw any 
definite conclusions. Miller (’43) found that the survival 
rate of rats at weaning was much improved if the lard or soy- 
bean oil in the mother’s diet were replaced by hydrogenated 
cottonseed or soybean oil. On the other hand, LoosE et al. 
(’44) reported that better lactation was obtained with corn 
oil or coconut oil than with hydrogenated coconut oil. Deuel 
et al. (’44) noted that corn, cottonseed, peanut, and soybean 
oils, and a vegetable oil margarine were just as satisfactory 
as hutterfat in insuring successful pregnancy and lactation. 
In an extensive series of experiments, von Euler and his 
associates (’46, ’47a, h) found the weaning weights of the 
young to he consistently higher when the mothers were fed 
margarine in place of hutterfat. 

Viswanatha et al. ( ’54) of this laboratory have previously 
reported that hutterfat supported better growth in rats than 

’Paper no. 34G7, Scientific Journal Scries, Minnesota Agricultural Experiment 

ation. This -srork has been supported bv a grant from the American Dairr 
Association. ' 

’Present address: Dep.artment of Biochemistiy, Indian Institute of Science 
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used in this study might also ho less abrasive to the alimen- 
tary tract than one containing ■wheat straw. The metabolic 
nitrogen level reported hero is almost identical to the value 
(2.5 mg N per gram of dry matter intake) reported by Lof- 
greon and Kleiber (’53) for calves receiving a liquid diet. 

The endogenous nitrogen level rei)ortcd here (31.9) is only 
slightly lower than those reported in the literature. An en- 
dogenous nitrogen level of 33.3 has been obtained by Sotola 
(’30), Turk et al. (’34-), and Harris and ^litchell (’41). 


TABLE 3 

The true digestibilities, daily nitrogen balances, and biological of urea, 

gelatin, casein, blood fibrin, and soybean protein for the Iamb 


KITROCEK 

SOUKCE 

TRUE 

DinKKTinililTV 
or KiTRoans* 

KiTRonrN 

HAraNCE 

IlIOLOOICAn 
VALUE or 
KITROOEX 



rc* 

pm y/ilttV 

1 

i 

Urea 

7S.5 

82.0 

O.'S 

51.2 

53.7 

Gelatin 

83.9 

82.2 

l.CO 

01.2 

57.4 

Casein 

8‘l.G 

SG.5 

2.10 

09.2 

72.7 

Blood fibrin 

80.5 

82.5 

2.78 

81.0 

83.1 

Soybean protein 

85.0 

85.4 

2.80 


82.4 

L.S.D.“ 

0.05 

N.S.D.* 

N.S.D. 

0.59 

10.1 

8.9 

0.01 

X.S.D. 

X.S.D. 

0.79 

13.0 

11.9 


‘ Calculated from metabolic nitrogen expressed on the ingested dry matter basis. 

* Calculated from metabolic nitrogen expressed on the excreted dry matter basis. 

’ L.S.D. least difference bobveen means for significance. 

* N.S.D. no significant difference between means. 

Nitrogen balance. The results obtained for the different 
nitrogen sources are compiled in table 3. Each value in the 
table is the mean of 8 separate balances on 8 different lambs 
except for blood fibrin. Results were obtained from only 7 dif- 
ferent lambs fed blood fibrin. 

True digestibility. True digestibility was calculated as the 
percentage of nitrogen intake which was absorbed. There was 
no significant difference in the true digestibility of nitrogen 
from any of the nitrogen sources. Smaller differences be- 
tween true digestibilities were obtained when metabolic nitro- 
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males over a period of 5 to 6 weeks were recorded as being 
unable to conceive. Each mother and her litter were weighed 
daily up to 21 days post-parturition at which time the young 
were weaned. Except in experiment I all litters were stand- 
ardized by random selection to 6 pups on the third day follow- 
ing birth. Those females who possessed less than 6 young 
by the third day were given additional foster pups from the 
females who had more than 6 surviving young. The mothers 
were rebred folio-wing a rest period of about two weeks sub- 
sequent to the weaning of the young. 

The principal criterion of the reproductive performance 
was the survival rate of the young "within the first three days 
folio-wing birth (Mir one et ah, ’48), and the adequacy of 
lactation was judged primarily on the sur-vival and weight of 
the young at weaning. Other observations that were employed 
to evaluate the reproductive and lactation performance of the 
females were litter size, weight of the young at birth, and the 
change in the weight of the mother during lactation (Vinson 
and Cerecedo, ’44; Nelson and Evans, ’47). Post mortem 
examinations were conducted on a number of young which 
had died shortly after birth, but gross inspection failed to 
reveal the cause of death. 


RESULTS 

Reproduction and lactation folloioing the first 
gestation period 

Experiment I. The female rats used in this experiment 
were those which had received ST-containing rations in the 
growth ^experiment previously reported (table 5, Viswanatha 
et al.,^ ’54). These animals were maintained on the same diet 
containing either corn oil or butterfat, and were bred when 
they liad reached maturity. Their subsequent reproductive 
and lactation performance is shown in table 1. All of the 
females in both groups successfully conceived and east litters 
of comparable size and weight. By the third day, however, 
about 27% of the young from mothers on the corn oil diet had 
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pending upon the method of expressing metabolic nitrogen. 
When metabolic nitrogen was based on dry matter intake the 
values for blood fibrin and soybean protein were larger 
(P < 0.05) than those for casein and gelatin which were 
lai-ger (P < 0.05) than for urea. When metabolic nitrogen 
was based on excreted dry matter the biological values for 
blood fibrin and soybean protein were larger (P < 0.05) than 
that of casein which was larger (P < 0.01) than those for 
gelatin or urea. 


TABLE 4 

Ammonia concentrations in rumen in (jest a of lajnhs fed nitrogen 
from different sources 


Values expressed ns niilliprnms amiuonia nitrogen per 100 ml of rumen ingesta 




TiMK .\rrri: 

rnKOiNO. nouns 



0 

.T 

G 

0 

XTrea 

2.0‘:± 0.3» 

2G.0 3.3 

12.0 ± 4.2 

4.G 1.2 

Gelatin 

2.8 ± 0.7 

4.2 i: 1.2 

7.0 1.7 

8.9 ± 

Casein 

3.8 1.3 

G.8 ± 2.G 

8.1 ± 1.0 

3.0 ± 0.6 

Blood fibrin 

9.4 ± 3.9 

3.3 ±: 1.2 

4.G 0.8 

5.8 ± 1.2 

Soybean protein 

4.0 ± 2.2 

1.4 ± 0.3 

4.2 :h l.G 

C.G ± 3.0 


' Each value is a mean of duplicate determinations on 5 different lambs. 
“ Standard error of the mean. 


Rnminal ammonia formation. Euminal ammonia concen- 
trations exhibited by lambs fed the different nitrogen sources 
used in this experiment are shown in table 4. 

The extent of ruminal ammonia formation varied more be- 
tween animals than between nitrogen supplements. This is 
indicated by the large standard errors of the means in table 
4. Statistically, the ruminal ammonia concentrations varied 
only slightly with different nitrogen sources, with the excep- 
tion of urea. The ruminal ammonia concentration three hours 
after feeding urea was larger {P = 0.01) than ammonia con- 
centrations associated with any other supplement. Euminal 
concentrations of 30 and 55 mg of ammonia nitrogen per 
100 ml of rumen fluid three hours after feeding casein were 
reported by McDonald (’52) and by Annison et al. (’54). 
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succumbed compared to the complete survival of the offspring 
from the butterfat group. At this time, the mothers were 
allowed to nurse all their young with no restriction ia the 
size of the litter. As judged by the vreaning meights of the 
young, there vas also a significant difference (t = 2.5; 
P < 0.05) in the lactation performance of the two groups 
of females in favor of butterfat. 

Experiment 11. In table 1 are also presented the results 
of another experiment in which the parent females had been 
on a stock ration ® until they weighed about 120 gm. At this 
time the animals were divided into 4 groups : Corn oil, with 
and without two per cent ST, and butterfat, with and without 
two per cent ST. These animals were bred three weeks 
thereafter. 

A statistical comparison of the data obtained with the two 
fats in the absence of ST failed to reveal any significant dif- 
ferences by any of the criteria listed in the first column of the 
table. In the presence of ST, however, the incidence of 
mortality of the young by the third day after parturition was 
30% in the corn oil group compared to 0% in the butterfat 
group, thus confirming the observations of experiment I. 
In this experiment as well, the weights of the young at wean- 
ing Avere significantly higher in the litters fed butterfat 
(t = 4.5; P <0.01). 

Reproduction and lactation in successive 
gestation periods 

The females, which had successfully borne and weaned one 
fitter on the ST-free rations in experiment IT, were main- 
tained on the same basal ration to which 2% ST had 

• Sipnificanco is based on the c.alculation of ”t” valncs and Ihe correspond- 
ing levels of prob.ability ("P") (Sncdccor, M6). Only "P" values < 0.05 
lirvvc boon considered signiCcn.iit. 

•A mixture of yellow com; lOCc dried skim milk; 9^ each of alfalfa 

leaf meal, soybean oil meal nnd fish meal; l.o^Tc salt mix; and 0.01<;^ irradiated 
yeast. 
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The biolog-ical values for casein, soybean protein, and blood 
fibrin are quite similar for the two species. The value of 77 
for the biological value of blood fibrin for the rat is net ni- 
trogen utilization (coefiicient of true digestibility X biological 
value). Assuming that 93% of the nitrogen of blood fibrin 
was digested by the rat, then blood tibrin has a biological 
value of 83 for the rat the same as reported here for the lamb. 
The biological values for urea and gelatin demonstrated the 
upgrading of poor quality ration nitrogen by rumen micro- 
organisms and approach the value of GO commonly rciiortcd 
for ruminants. Loosli ct al. (’49) have reported a biological 
value of 56 for urea when it was fed as the solo source of 
nitrogen to lambs. This value is very similar to those (51.2 
and 53.7) determined in this investigation. The largo bio- 
logical values of proteins superior to gelatin in essential 
amino acid distribution may indicate that the rumen flora is 
benefited by one or more essential amino acids. This supposi- 
tion is based on reports that a large percentage (40 to SO) of 
the protein fed to ruminants is ultimately converted into bac- 
terial protein (^McDonald, ’52 and Eichardson, ’55). A similar 
beneficial role of an amino acid for ruminants was found when 
methionine was added to urea rations CWilliams and Jfoir, 
’51) or natural rations composed of alfalfa or field peas (Klos- 
terman et ah, ’51). Regardless of the intermediate fate of 
essential amino acids in the rumen it seems obvious that the 
growing lamb, like the growing monogastric animal, responds 
to quality differences of proteins. 

SUMMARY 

Lambs were fed purifled rations supplemented with either 
urea, gelatin, casein, soybean protein, or bovine blood fibrin 
to supply nearly 100% of the total nitrogen of the ration. 

A metabolic nitrogen level of 2.39 mg of nitrogen per gram 
of dry matter intake or 7.17 mg of nitrogen per gram of dry 
matter excreted was determined for lambs fed a nitrogen-free 
ration. 
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been added. Tbe data pertaining to tbe reproduction and 
lactation performance wHcb followed after three successive 
gestation periods are summarized in table 2. 

No serious interference with the ability of the females to 
conceive or cast litters was evident with either fat, although 
the ability to conceive after the second gestation period was 
somewhat impaired with both fats. There were also several 
instances of resorptions and maternal deaths at parturition; 
these, however, were confined to the corn oil group. 

TABLE 3 

Staiisilcal comparison * of corn oil versns l)utt€rfat xcith respect to iceiglii of the 
young at weaning and loss in weight of the mother during lactation 
(Based on the data shown in table g) 


TVEIGHT 

I.1TTER SEQGXKCi: Of YQTTKG 


IX)SS IS TOIGHT or 
MOTHXR DtTEING 
LACTATIOX 



t 

P 

t 

P 

First 

3.0 

< 0.01 

2.6 


Second 

4.2 

<0.01 

2.3 


Third 

2.8 

< 0.05 

5,3 



* See footnote 7. 


The most striking feature of these data is the sharp increase 
in the three-day postnatal mortality of the young after the 
second gestation period of the mothers receiving the corn oil 
diet, from a mortality of 9% in the first litter to almost 
50% in the second litter. Eather unexpectedly the mortality 
rate in the third fitter had dropped to 26%. The young from 
the mothers fed butterfat, on the other hand, continued to 
thrive through the third fitter. Statistical analysis of the data 
pertaining to the weight of the young at weaning and the loss 
in weight of the mother during lactation reveals that the 
lactation performance of the animals of the butterfat group 
was also superior to that of the corn oil group in each suc- 
cessive litter (table 3). 
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Bcproduction and lactation in successive generations 

The Fi females originating from the first litter of the parent 
generation shown in table 2 were allowed to mature and were 
then bred to produce two successive litters. The Fo females 
from the first of these two litters were likewise bred and 
studied through two gestation periods. In all cases the 
progeny were maintained on the same rations which had been 
received by their predecessors. The reproduction and lacta- 
tion performance observed during the course of these studies 
is summarized in table 4. 

"With respect to the Fi generation the mortality of the young 
by the third day followed the same trend observed in the 
parent generation, namely a rather low death rate in the 
first litter (12%) followed by an increase (42%) in the second 
litter. The Fi females on hutterfat again produced litters 
which survived the first three critical days of life in both 
litters. In contrast to the parent generation, however, no 
significant difierence in lactation, as judged by the weight of 
the young at weaning or by the loss in weight of the mothers 
during the nursing period, was apparent between the two 
fats. 

A rather surprising result was the almost complete absence 
of infantile mortality in both litters produced by the Fo 
females on the corn oil diet. This was in sharp contrast to 
the poor survival rate in litters of the parent and Fi females 
on the same ration. As in the ease of the Fi females, no dif- 
ference in lactation performance between the mothers on 
the corn oil and hutterfat diets was revealed. 

DISCTJSSIOX 

Since the mortality of the young was the principal point 
of difference between the corn oil and hutterfat diets, it is 
important to point out that the mortality figures have been 
based on the total number of young which failed to survive 
in any one group. This, of course, gives no indication of 
the variations in the mortality rate of individual litters within 
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present in butterfat but absent in corn oil, is suppressed. 
Tbe capacity of certain microorgauisins to develop a resist- 
ance to sulfa drugs is not unknown (Sevag and Green, ’44), 
and it is conceivable that the continued ingestion of ST 
over a period of several generations may have led to tbe 
gradual estabbsbment of a ST-resistant microflora. Tbe im- 
provement in tbe lactation performance of tbe Fi and Fa 
females fed corn oil over tbe preceeding parent generation 
may also be a manifestation of this adaptation phenomenon 
on tbe part of tbe intestinal flora. Tbe fact that the Fi females 
on corn oil reproduced so poorly and yet managed to lactate 
as satisfactorily as their butterfat counterparts indicates that 
the nutritional requirements for a normal reproduction may 
be more stringent than those required for lactation, a view 
previously expressed by Sica and Cerecedo (’48). 

An alternative explanation which does not invoke tbe 
concept of an unrecognized nutrient in butterfat is sug- 
gested by tbe recent paper of Tbomasson ( ’55) relating to tbe 
possible presence of growth-inhibiting substances in certain 
vegetable oils. In order to explain tbe observations recorded 
here on this basis, it becomes necessary to postulate that ST 
must in some way potentiate tbe effects of tbe harmful 
substances present in corn oil. The manner in which ST would 
exert this effect is not readily apparent. 


SUMVIABY 

Corn oil and butterfat in tbe presence of 2% sulfatbalidine 
have been compared with respect to their ability to promote 
reproduction and lactation of female rats in successive litters 
and generations. 

In studies on the parent generation, the postnatal mortality 
of the young from mothers on the corn oil diet ranged from 
9 to 48% within the first three days, tending to be highest 
after the second gestation period. IMien corn oil was replaced 
with butterfat almost complete survival of the young was 
obtained. Lactation performance, as judged by the weight of 
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Twenty-one weanling rats of tlie "Wistar strain were de- 
salivated by the block dissection method in which the ducts 
to the major salivary glands are ligated and cut and the 
glands excised. This method is described in detail elsewhere 
(Haldi, "Wynn, Shaw and Sognnaes, ’53). The animals were 
divided into three groups. Two groiips were fed diets that 
have been designated in a previous publication (Wynn, Haldi, 
Shaw and Sognnaes, ’53) as the Emory and the Harvard 
diets. The basic composition of these diets is given in table 1. 
The former has been found to be slightly cariogenic whereas 
the latter produces severe caries in a relatively short time. 


T.VBLE 1 

Covxposlixon of ihc I^mory and Harvard high sucrose dicts^ 


CONBTITUKN'TS 

KMOnV DIKT 

nAnVAHD DIET 


To 

^ rc 

Sucrose 

G4 

04 

Casein 

20 

23 

Hydrogenated vegetable oil 

8 


Corn oil 


5 

Yeast and liver extract 

4 


Liver concentrate 


4 

Salt mixture * 

4 

4 


* Vitamin supplements were added to each of these diets. For composition sec 
Wjum et al. ( '53). 

®The composition of the salt mixture is given in Wynn ct al. ('53). 


The third group was fed a commercial laboratory chow ' iu 
order to have, for comparative purposes, animals with little 
or no caries. We had found in previous experiments that 
this stock diet is practically non-cariogenic. 

When the animals had been on the expei’iment 70 days, 
at which time no caries had developed in the rats on the 
stock diet, only a moderate amount of caries on the Emory 
diet, and extensive caries on the Harvard diet, pH readings 
were obtained on all the animals on the three diets 4 different 
times during the day. Eight readings (two in each quadrant) 
were taken each time. This gave a total of 224 readings on 

® Purina. 
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Tlie caries score ranged from 1 to 5 depending on tlie extent 
of tlie lesion. All adherent tissue was then carefully removed, 
the roots cut off and each tooth dropped into a separate vial 
containing 10 ml of 1% CuSO^ solution, preparatory for the 
determination of lactate. The procedure for lactate analysis 
was that described by Barker and Summerson ( ’41) as modi- 
fied by Moore (’52) for determining such extremely small 
amounts of lactate as are present in the rat’s tooth. Accord- 
ing to Barker and Summerson (’41) this method is highly 
specific for lactate in biological materials. This specificity 
was further demonstrated by Moore (’52), "We found this 
method very satisfactory. In a iireliminary lactate deter- 
mination on the nonearious teeth of an animal selected at 
random, there was an average difference of only 0.3 pg be- 
tween the lactate on the first molars in the right quadrant 
and on the corresponding teeth in the left quadrant. 

RESULTS 

Experiment 1. A striking feature of the 224 pH readings 
taken on each group of animals the day they were sacrificed 
was the large number (82%) of the readings above 7.0 on the 
teeth of the animals on the stock diet and a progressively 
smaller number of these higher readings (35 and 22% respec- 
tively) on those of rats fed the Emory and Harvard diets. 
On the other hand, there were no readings below pH 6 on the 
teeth of rats fed the stock diet, whereas there were 3 and 25% 
below pH 6.0 on the Emory diet and Harvard diet, respec- 
tively. The distribution of pH readings is shown in the nomo- 
gram in figure 1. Examination of the teeth revealed, as had 
been anticipated, that there was no caries in the teeth of the 
animals on the stock diet, whereas on the Emory diet there 
was a moderate amount of caries with the score ranging 
from 0 to 2 and on the Harvard diet extensive caries with a 
score of 1 to 5. 

The relationship between the pH readings on the teeth and 
the caries score is shown in figure 2. It will be noted that 
there was only a slight drop in the average pH as the caries 
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The practice of feeding rats for limited portions of the day 
has been investigated by "Werthessen (’37) and Barter (’49), 
and has been used in studies of the respiratory quotient 
(Tepperman et ah, ’43) and of fatty acid synthesis (Dickerson 
et ah, ’43). More recently Lepkovsky et ah (’55a,b) have em- 
ployed spaced feeding in investigations of glycogen synthesis. 
We have used this procedure in proteinuria studies in an at- 
tempt to reduce the contamination of urine by spilled food 
(Rumsfeld and Baumann, ’55; Finlayson and Baumann, ’56). 
In the latter studies 12.5% of urea in the diet depressed 
growth severely in rats fed two hours a day, but when the 
rats were regrouped and the urea diet was fed ad libitum, 
no depression occurred. The present experiments deal with 
the toxicity of urea when fed two hours per day and include 
attempts to use spaced feeding for determining the biological 
values of proteins and for altering the effects of mildly 
toxic compounds. 

METHODS 

Holtzman male albino rats were used in all series. They 
were housed in individual wire-bottom cages and were given 

‘ Piiblislicd with the approval of the director of the Wisconsin Agricultural 
Eipcriment Station. Supported in part bj- the Wisconsin Alumni Research 
Foundation, 

* Public Hoaltli research fellow, 

nil 
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were obtained from tlie teeth of the animals that had been 
fed the Harvard diet as it was only this gi’oup of animals 
that had carious lesions with scores greater than 2, The pH 
readings, as stated previously, were taken on the day the 
animals were sacrificed. Pour readings were made on each 
tooth at different times of the day and the average of these 
4 readings taken as the representative pH reading for the 
tooth. 

Experiment 2. The results obtained in the second experi- 
ment are presented in table 2. The relationship between the 
cai’ies score and the pH on the surface of the teeth was the 
same as in the first experiment. In both experiments there 

TABLE 2 

pEj lactate and caries scores on the teeth of rats fed the Earvard diet 
for varying lengths of iiine^ 


Caries score 0 1 2 3 4 5 

Average pH C.3 ± 0.4 G.l it 0.4 6.2 it 0.2 C.l it 0.3 5.6 ±: 0.2 5.3 ± 0.3 

headings below 

6.0, % 16 25 33 67 83 100 

Total lactate, /xg 10 tr 3 13 ± 2 14 4 15 it 6 38 it 11 50 t: 15 

* Values in the table were obtained on tlie first and second upper and lower molars 
of 18 rats (144 teeth) with varying degrees of caries. 


was very little change in the pH as the score rose from 0 
through 3 whereas an appreciable drop occurred with progres- 
sion of the caries score from 3 through 4 and 5. Likewise, 
with an increase in the caries score from 0 to 2, there was a 
very moderate increase (from 16 to 33%) in the number of 
readings below 6.0. When the carious lesions had advanced 
to the point where they gave a score of 4, 83% of the pH 
readings were below 6.0. With further spread of the lesion, 
100% of the readings were below this level. 

A direct relationship was observed between the caries score 
and the amount of lactate recovered from the tooth. As 
shown in table 2, there was very little difference in the pH 
and the lactate on the teeth with a caries score of 1 through 3; 
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depression was usually not apparent until tlie level of dietary 
urea exceeded 25%. Moreover, resistance to urea on either 
regime was not altered by the nutritional adequacy (pres- 
ence or absence of added cystine) or tbe level (12 or 20%) 
of tbe protein in tbe diet (Finlayson, ’55). 

To equate tbe two methods of feeding, rats received 0, 5, 
or 10% of urea for two hours per day or 0, 20, or 30% of 

TABLE 1 


Groioih effects of urea fed ad lil>ituTn or iwo Iwiirs per day 


mEDIKG 

METHOD 

UEEA^ 

5 WK. 

GAIK 

To DEFEESSIOK * 

= ..- 1 - Aver- 

a^e ^ 

DAmv 

FOOD 

INTAKE 

ITEEA intake 



17771 




am 

am/day 

ffm/hr.* 


0 

36 It 

9® 

0 

0 

8 

0 

0 

Spaced 

5 

24 ti 

9 

33 

38 

8 

0.4 

0.2 


10 

7 ± 

4 

81 

85 

7 

0.7 

0.35 


0 

148 t; 

12 

0 

0 

17 

0 

0 

Ad 

libitum 

(20)' 

144 ti 

9 

3 

3 

22 

0 

0 

(30)« 

141 ± 

10 

5 

7 

23 

0 

0 

20 

128 ti 

12 

14 

21 

18 

3.6 

0.15 


30 

93 ti 

6 

37 

39 

16 

4.8 

0.2 


' Added at expense of entire diet. 

* Gm depression from controls 

X 100. 

Gm gam of controls 

* Average of n ecks 2-5. 

* Daily urea intake divided by hours food vras available per day, 

'Standard error of 5 rats. 

* ^ alues in parentheses are cellulose (Solka Floe) levels. 

urea ad libitum. Growth was depressed progressively as 
the level of dietary urea was increased, tbe percentage of 
urea required to produce a given depression being much 
lower when tbe feeding was spaced (table 1). Although 5% 
of urea, using tbe spaced-feeding technique, depressed 
growth as much as did 30% ad libitum, tbe daily urea intake 
of rats on tbe latter regime exceeded the former by a factor 
of 12. Growth depression appeared to be determined by tbe 
rate at which urea was ingested : rats in each of these groups 
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SUMMARY AND CONCLUSIONS 

In one exporiinenl three gron])s of weanling albino rats 
were desalivated and fed fi'oni weaning diets that were non- 
cariogenie, moderately and severely eariogenic. Determina- 
tions of the pH on the tooth surfaces were made at the end 
of 70 days, the animals sacrificed and teeth scored for caries. 

In the animals with no caries there were no pH readings 
below 6.0. As the caries score advanced from 1 to 3, there 
was a slight but insignilieant drop in the average pH. The 
drop in pH was much more pronounced and was statistically 
significant as the caries score went from 3 through 4 to 5. 

In another experiment desalivated albino rats of the same 
colony as in the previous experiment, were fed a highly cario- 
genic diet from weaning. Two animals were sacrificed after 
two weeks on the diet and then two more each successive week. 
Readings of the pH on the molar teeth were taken immediately 
before sacrifice. The teeth were then scored for caries and 
analyzed for lactate. 

A direct relationship was observed between the pH, the 
amount of lactate recovered from the tooth and the caries 
score. Pronounced changes in pH and lactate on the tooth 
were obtained only when there was severe caries. 

It is apparent that the intrinsic processes involved in the _ 
spread of carious lesions in I'ats’ teeth in these experiments 
yere associated with a lowering of pH and an increase in 
the lactate in and on the teeth. 
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logical values were employed and alcaptouuria was produced 
by supplementing these diets with either phenylalanine or 
tyrosine. A comparison of the effectiveness of the dl and l 
forms of these aromatic amino acids in producing alcaptonuria 
was also made. 

EXPERIMENTS^ 

Care of ilie animals. Male Avhite rats of approximately 
150 gm weight from litter groups of 4 Avere kept in separate 
metabolism cages. They Avere giAmn a diet of bread, milk and 
lettuce for three to 4 days prior to the administration of the 
synthetic diet. After a control period of 6 to S days the ani- 
mals Avere fed extra doses of the aromatic amino acid for 
three successive days. Four to 6 days after the last feeding 
of the aromatic amino acid, the urinaiw excretion of HA had 
again reached that of the control level. Hence it took about 
15 days to complete one experiment. The rats A\mre weighed 
AA’^eekly, and also before and after each dosage period. 

Urine collection. Urine collection Avas started three to 4 
days after the synthetic diet Avas given. TA\’enty-four-hour 
urine samples Avere collected in the presence of 1.5 ml of 
glacial acetic acid as the preservative. The urine and the 
Avashings Avere combined, filtered and diluted to 100 ml. Two 
milliliters of the diluted alcaptonuric urine samples or 10 ml 
of the diluted control urine samples was used for the analysis 
of HA. 

Diets. The synthetic diets used varied only in the kind 
and amount of the protein used. The general composition 
was , as folloAvs: vitamin mixture 1%, salt mixture (Osborne 
and Mendel, ’19) 4%, sucrose 24%, corn oil 4%, cod liver oil 
2% and protein plus starch 65%. The Autamin mixture con- 
tained per 98 gm starch : 37 mg thiamine, 37 mg pyridoxine, 75 
mg riboflavin, 300 mg calcimn pantothenate, 300 mg ji-amino- 
benzoic acid and 375 mg nicotinic acid. The protein of the 
diet Avas increased at the expense of starch. The protein and 
amino acid supplements of the diets are listed in the first 
columns of tables 1 and 2. 
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lett et al. (’16) that to produce toxic effects, a “large quantity 
of urea must he taken 'within a brief period of time.” 

Toxicities of L-leucine and dinitrotoluene 'were also in- 
creased by spaced feeding. Gro'ndh retardation by leucine 
is apparently caused by an isoleucine antagonism (Harper 
et al., ’55), hut the reasons for an enhancement of this effect 
by spaced feeding are obscure. In rats fed dinitrotoluene, 
those Avhich failed to sur-pive had eaten relatively little, sug- 
gesting that the apparent increased toxicity may have been 
complicated by starvation, as pre-viously observed in roice 
by Clayton and Baumann (’44; ’48). The use of spaced 
feeding for determining the biological values of proteins 
appears to have several advantages despite the care neces- 
sary in training the animals. The protein under study need 
be fed for only two 'weeks 'which, on a two hour per day 
feeding regime, Avould require only a small amount of the 
test material. 


SUilM.ART 

Spaced feeding, the practice of feeding rats for only hvo 
hours per day, has been found to increase the growth-depress- 
ing action of several nitrogenous compounds. Dietary urea 
depressed growth in both spaced and orthodox experiments; 
5% of urea fed hvo hours per day was as effective as 30% 
fed ad libitum. The depression in growth has been corre- 
lated Avith the rate of urea intake and the level of urea in 
the blood, and Avas not affected by the level or adequacy of 
the dietary protein. 

Spaced feeding increased the toxicity of n-leucine, diam- 
monium citrate, ammonium carbonate, and 2,4-dinitrotoluene. 
GroAA'th depressions by the ammonium salts varied directly 
Avith blood urea. This regimen lessened the toxicity of 3'- 
methyl-i-dimethylaminoazobenzene and ethanol but had little 
ollect on relative growth rates Avhen biotin, A'itamin Bi, and 
folic acid AA’ere omitted from the diet or AA'hen glycine or anti- 
biotics Avere added. The procedure .<=hoA\'s promise in meas- 
uring the biological value of small amounts of protein. 
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Chemical methods. Ammoniacal silver nitrate, freshly 
prepared each day, was used at room temperature as a quali- 
tative test for the onset of alcaptonuria. The iodometric ti- 
tration method as described by Neuberger (’47) was used 
for the quantitative estimation of HA, The method was 
standardized with a sample of synthetic HA generously sup- 
plied by Dr. Lynn D. Abbott Jr. 

TABLE 2 


The effect of the administration of L and dl forms of tyrosine and 
phcnylaJaninc on the excretion of homopcntisic acid (UA) 


DIET 

KO. or 

RATS 

ISOMER 

AMIMO ACID FED 
PER 300 cm 

DODY wEianr 

EXTRA ITA 
EXCRETED PER 

AMIS'O 

ACID FED 

Casein, 5% 

2 


gm 

Thcnytataninc 

1.10 ± 0.19 ' 

mg 

0.40 ± 0.12 

Casein, 5% 

G 


1.03 ± 0.04 

4.09 ± 0.42 

Casein, 20% 

5 

L 

1.00 ±. 0.11 

0.22 ± 0.11 

Casein, 20% 

10 

Dti 

1.04 ± 0.05 

2.84 ± 0.03 

Casein, 50% 

8 

L 

0.8G d: 0.11 

0.03 ± 0.01 

Casein, 50% 

6 

DL 

0.79 ± 0.08 

3.51 ± 1.00 

Casein, 20% 

13 

L" 

Tyrosine 

1.31 ± 0.08 

17.00 ± 8.30 

Casein, 20% 

11 

Db* 

1.41 ± 0.06 

0.09 ± 0.03 

Zein, 21.2% 

6 

Ii 

1.08 ±. 0.20 

140.7 ±43.3 • 

Zein, 21,2% 

7 

Dti 

1.41 ±. 0.30 

2.78 ± 1.18 


'This amino acid uas supplied to Professor Lewis by Dr. Seiiclii Izume. A 
description of this preparation appeared in footnote 2 of Chandler and Le^ds ( ’32). 
*The mean and its standard error. 

® Winthrop-Stearns Incorporated. 

* Merck and Company. 


BESULTS 

Effect of the nature of the dietarij protein on the produc- 
tion of alcaptonuria. Table 1 summarizes the effect of vari- 
ous diets on the excretion of HA. It is noted in this table 
that the increased excretion of HA was 15 times as great in 
rats receiving the 18.3% gliadin diet as in their pair-fed 
litter mates on the 18.4% casein diet. However, administra- 
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diet. In the presence of added DL-phenylalanine in the diet, a 
deficiency in both lysine and tryptoifiian has thus induced a 
much greater increase in the excretion of HA than a deficiency 
in lysine alone. It may also he pointed out that wliilc I’ats on 
the gliadin plus lysine diet excreted no greater amount of 
HA than their casein-fed paired mates, rats on the zein plus 
lysine and trj-ptophan diet excreted considerably more HA 
than their casein-fed controls. 

Effects of the administration of h and dl forms of phenyl- 
alanine and tyrosine on the excretion of TLA. In a preliminary 
experiment, S rats were fed a 20% casein diet for three days. 
The average daily excretion of HA on this diet was found to 
be 0.77 mg with a range from 0.62 to 0.91 rag per rat. Under 
similar conditions, the average daily output of HA was 0.74 
(0.68 to 0.79) mg and 0.64 (0.57 to 0.70) mg per rat respec- 
tively on 50 and o% casein diets. These results show that 
varying the casein content of the diet over a range of 5 to 
50% did not affect the level of HA excretion. Furthermore, 
it can be seen in table 2 that the difference in the excretion 
of extra HA follovdng the addition of l- or nir-plienylalanine 
to these three casein diets was very slight indeed. 

When the effectiveness of n- and DL-phenylalanine in pro- 
ducing HA was compared, it was found that DL-phenylalanine 
always caused a greater increase in the HA excretion than 
did the same amount of the l isomer. On the other hand, ad- 
ministration of L-tyrosine to rats given the 20% casein diet 
resulted in remarkably liigher excretion of HA than that of 
the DL isomer. The increase in the excretion of HA was 
greatly enhanced by substituting the casein diet with the zein 
diet. Again, L-tyrosine was found to be mucli more effective 
than DL-tyrosine. The extraordinary behavior of L-tyrosine 
in this respect deserves attention. It is interesting to point 
out that on the 20% casein diet, the aromatic amino acids, in 
the order of decreasing effectiveness in increasing the HA 
level of the rat urine, are L-tyrosine, DL-phenylalanine, l- 
phenylalanine, and DL-tyrosine. 
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Many reports of a qualitative nature have succeeded that 
of Krehl et al. (’45), in vhich it Avas shown that tryptophan 
would promote growth in nicotinic acid-deficient rats (Wool- 
ley, ’46 ; Krehl et ah, ’46a ; Henderson et ah, ’47 ; Rosen et ah, 
’46). Nicotinic acid in the diet has been shown to decrease the 
requirement of the rat for tryptophan (EYehl et ah, ’46b). 
Salmon (’54) has shown that the tryptophan requirement 
of the rat is enhanced with increases in dietary protein or by 
the omission of nicotinine acid. Studies with the chick have 
demonstrated an L-tryptophan requirement of 0.15% and a 
nicotinic acid requirement of 10mg%. In the absence of 
nicotinic acid the 1 ,-tryptophan increased to 0.20% of the 
diet (Fisher, ’54). The first study of the requirements of the 
pig foi nicotinic acid (Hughes, ’43), set the requirement at 
5 to 10 mg/100 lbs. body weight or 0.11 to 0.22 mg/kg body 
weight per day. Subsequent work (Powick et ah, ’47), using 
younger pigs on high protein diets raised the estimated r^ 
quirement to 0.6 to 1.0 mg/kg body weight per day. High 
protein diets and consequently high levels of tryptophan have 
been shown^ to completely satisfy the nicotinic acid require- 
ment (Powick et ah, ’4S; Cartwright et ah, ’48), Age and 

’ The (l.it.i reported in this paper are t.akcn from a thesis submitted to the 
tra, uate College of the University of Illinois in partial fulfillment of the 
n-fjuirements for the decree of Doctor of Philosophy in .\nim.al Xutrition. 
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has been found (Borg and Bauguess, ’32; Cliase and Lewis, 
’34; Daldn, ’08; Wilson and Lewis, ’29). However, there is 
evidence to indicate that D-tyrosine wlien ingested in the dl 
form is totally unavailable for normal use in man (Albanese 
et ah, ’46). By employing Millon’s reaction (Folin and Cio- 
calteu, ’27) as modified by Modes (’32), a much higher 
“tyrosine” value was found in the urine of rats fed oL-tyrosine 
than in that of those fed L-tyrosine. It may be assumed that 
a part of the DL-tyrosine fed is excreted in the urine and what 
I’emains in the body is insufficient to give rise to extra HA 
in a well-fed animal. It is also possible that the toxic effect 
of L-tyrosine (Martin, ’42- ’43; Schweizer, ’47) may impair 
the normal ability of the body to metabolize large quantities 
of the aromatic amino acids, and consequently it favors the 
production of experimental alcaptonuria. 

SUMMAKY 

Deficiency in lysine and in both Ij’-sine and tiyptophan very 
greatly enhanced the homogentisic acid excretion following 
the ingestion of DL-phenylalanine. This effect was completely 
abolished by supplementing the gliadin diet with lysine, but 
only partially abolished by supplementing the zein diet with 
lysine and tryptophan. 

Administration of L-phenylalanine to rats fed casein diets 
caused lower excretion of homogentisic acid than the same 
dose of the dl isomer. DL-Tyrosine, on the contrary, did not 
increase the urinary excretion of homogentisic acid in the 
casein-fed rats, whereas the same amount of the L-isomer 
produced a considerable output of homogentisic acid. When 
the zein diet was used, DL-tyrosine also caused an increased 
excretion of homogentisic acid, but L-tyrosine brought about 
very severe alcaptonuria. 
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Dir-tryptophan requirement wlien there rras no nicotinic acid 
in the diet. 

E2PEEIMEXTAL 

Two- to three-day-old baby pigs were obtained from a com- 
mercial source for use in these experiments. They were housed 
individually in wire bottom metal cages and fed ad libitum 
a hydrolyzed casein synthetic milk assayed to be nicotinic 
acid and tryptophan free. The composition of the basal diet 
is given in table 1. The feeding and care of the animals was 
similar to that described by Johnson et al. (’48). All experi- 
ments were of 4 weeks duration which was snfBcient time for 


TABLE 2 

JEffcct of 7 levels of DL’frj/piophan on growth and feed efficiency t;i hahy 


ITEit 




DL'TCYPTOPHAK 



0.1 

0.125 

0.15 

0.175 

0.20 

0.25 

0.30 

Av. initial wt, kg 

2.33 

2.3/ 

2.48 

2.47 


2.30 

2.28 

Ar. final wt., kg 

3.13 

3.37 

4.42 

6.02 

6.28 

7,73 

8.68 

Av. gain, kg 

0.80 

1.00 

1.93 

3.55 

3.7S 

5.42 

6.40 

Feed consumed, kg 

3.61 

3.47 

4.60 

5.83 

6.13 

7.69 

8.21 

Fecd/gain, kg 

4.51 

3.47 

2M 

1.65 

1.62 

1.42 

1.28 


* Nicotinic acid was added to the diet at 50 mg per kilogram of drr matter. 

* Three pigs in each group. 


wide differences to occur between treatments in all tests. 
Differences usually became apparent at 10 to 14 days and 
widened through the remainder of the test period. 

The individual experiments are given in tables 1 through 7. 

RESULTS 

T)Xj-triJi){ophan requirement in presence of 
excess nicotinic acid 

Experiment 1. The data from experiment 1, as shown in 
table 2, indicated that the nmtryptophan requirement in the 
presence of an excess of nicotinic acid was higher than had 
been anticipated. 
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of the amino acids. VII. Exj^crimcntal alcaptonuria in the widte rat 
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Wilson, E. II,, and II. B. Lewis 1929 Comparative studies of the metabolism 
of amino acids. II. The rate of absorption of amino acids from the 
gastrointestinal tract of the white rat, J. Biol. Chem., 84: 511. 
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Nicotinic acid requirement in 'presence of required 
level of xfLr-tryptophan 

Experiment 3. Results of this experrment are summarized 
in table 4. Both growth and feed efficiency reached a maximum 
at the 17 mg/kg level. The gains (fig. 1 h) are best described 
by a straight line fitted through all of the points indicating 
that a plateau may not have been reached. However, the feed 
required per unit of gain, as shown in table 4, had reached 
a minimum at the 17 and 20 mg/kg levels. 

In view of the lack of groups receiving higher levels of 
nicotinic acid supplementation the requirement has not been 


TABLE 4 

Kicotinic acid regwiremenf of the hahy pig^'^ 


ITESt 


KICOTIXIC ACID <MG/KG DRY MATTER) 


5 

8 

11 

14 

17 

20 

Av. initial kg 

1.79 

1.85 

1.83 

1.81 

1.80 

1,75 

Av. final ivt., kg 


4.62 

4.05 

5.38 

6.09 

5.5S 

Av. gain, kg 

2.21 

2.77 

2.23 

3.56 

4.29 

3.83 

Av. feed consumed, kg 

4.25 

4.35 

4,46 

4.93 

5.46 

4.91 

Feed/gain, kg 

1.92 

1.57 

2.00 

1.38 

1.27 

1.28 


* DL'Tryptoplian ivas added to the diet at 0.39t, the level indicated as required 
in experiments 1 and 2. 

* Four pigs in each group. 


conclusively demonstrated. However, on the basis of the 
feed required per unit of gain and the lack of increase in 
gain at the level of 20 mg/kg it seems probable that the re- 
quirement is not over 20 mg/kg of diet when the diet contains 
the minimum amount of trjqitophan necessaiy for normal 
growth (0.3% of DL-tryptophan). 

i^'fi'i/piophan requirement in the presence of 
excess nicotinic acid 

ExpcNnnent 1. Gains reached a plateau at the 0.2% n-tryp- 
tophan level, which represents the approximate requirement 
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Eecenth' in liiis laboratory the effect of the tliyroicl on tlic 
formation of vitamin A from carotene, administered intra- 
venously as an aqueous dispersion in Tween 40 * (poly- 
oxyethylene sorbitan monopalmitate), has been studied in 
rats. Parenteral administration was chosen in preference to 
the oral route in order to overcome any possible etTects that 
variations in absorption might have on the residts. Carotene 
was administered intravenously as an aqueous dispersion 
since it is now well recognized that under these conditions 
it is readily converted to vitamin A (Bieri and Pollard, ’54: 
Kon, McGillivray and Thonqison, ’bo; IMcGillivray, Thompson 
and Worker, ’5G), whereas when injected as an oily solution 
it appears to be inactive (Se.xton, Mehl and Deuel, ’46). In 
preliminary experiments (^fcGillivray et al., ’56), using blood 
levels of vitamin A and liver storage as criteria, the thyroid 
was shown to be without effect on the conversion of carotene to 
vitamin A. The present paper covers subsequent work of 
a similar nature using l)lood levels and liver storage of vitamin 
A, and in addition the remission of xerophthalmia, as criteria. 

EXPERIMENTAL 

All rats used in these experiments were albinos of the 
Wistar strain inbred fi’om stock introduced into New Zealand 
by Dr. I. J. Cunningham, Superintendent of the Wallaceville 
Research Station, Wellington. Those used in experiment I 
were maintained throughout life on a basal diet - of the fol- 
lowing percentage composition: ground wheat, 42; ground 
barley, 10.5; ground oats, 4; dried skim milk, 34; wheat 
germ, 8; CaCOa, 1; NaCl, 0.5. At slaughter (200 to 300 gm) 
they were almost deficient in vitamin A as evidenced by low 
levels of vitamin A in the blood and the absence of appreciable 
quantities in the liver. The rats used in expei’iment II were 
maintained on the U.S.P., vitamin A-free test diet (Hawk, 
Oser and Summerson, ’47) from weaning until such time 
as xerophthalmia became apparent, a period usually of 4 to 
6 weeks. 

* Atlas Powder Company, Wilmington, Delaware. 

® Prepared in pellet form by W. and R. Fletcher, Ltd., Wellington, New Zealand. 
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received approximately 1.3 mg of lucotinic acid. Subsequent 
supplementation vitb nicotinic acid vras not necessary during 
tbe course of tbe experiment. Apparently tbe 2- to 3-day old 
pig is unable to convert tryptophan to nicotinic acid and 
has a very lorr reserve of this vitamin. 

TABLE 6 


The BL'tryptop/ian regiti'rement of the hahy jyig in the absence 
of nicotinic acid (Experiment o)'^ 





ULrTP.YPTOP HAX 




0.3 

0.35 

0.4 


0.45 

0.5 

No. pigs 

2 

3 

4 


9 

3 

Av. initial wt., kg 

1.25 

1.33 

1.39 


1,35 

1,30 

Av, final wt., kg 

4.05 

4.39 

5.35 


4.70 


At. gain, kg 

2.85 

3.30 

3.96 


3.35 


Av. feed consumed, kg 

5.83 

6.00 

6.71 


6.27 

5.97 

Feed/gain, kg 

2.05 

1.S2 

1.69 


1.87 

2.21 

* A difTcreut source of hydrolvzed casein which 

was not 

entirely salt-free was 

used and is the cause of the lower gains 

in this experiment. 




TABLE 7 





The oh'iryptophan requirement of the baby pig in the absence 


of nicotinic acid 

fFxpcrimcnf G) 




ITESf 


^ DLr-TRYPTOPHAX 



0.3 + XA 

^ 0.3 

0.35 

0.4 

0.45 

0.5 

O.G 

Xo. pigs 3 

1 

3 

3 

3 

3 

o 

Av. initial wt., kg 1.35 

1.47 

1.37 

1.40 

1.40 

1.43 

1.35 

Av. final wt., kg 4.G2 

3.50 

3.SS 

4.S3 

5.70 

5.82 

4.90 

Av. gain, kg 3.27 

2.03 

2.51 

3.43 

4,30 

4.39 

3.55 

Av, fectl coiipumod, kg 4.03 

3.30 

4.19 

4.75 

5.25 

5.23 

4.93 

Feed/gain, kg 1,42 

1.05 

1.67 

1.3S 

1,22 

1.19 

1.39 


' 1 received iu addition to Dt-'tryptophixu 50 mg of nicotinic 

ncid per kilogram of dry matter iu the diet. 


Growth was erratic and sid)optimum throughout the experi- 
ment duo to the excc.ss salt in tbe hydrolyzed casein. The 
pigs scoured coutiuually and 6 died during the -4 weeks. 
Tlio results are summarized in table G. 

It is evident from table 6 that growth was below normal 
and that food clhciencios wore suboptimal. However, these 
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The average gains ivere linear to the 0.45% level of 
tryptophan, at vrhich they reached a plateau. The level of 
0.6% appears to be approaching toxicity and growth was 
depressed somewhat in this group. The linearity of gains up 
to the 0.45% level of supplementations would seem to imply 
that this point should be taken as the requirement for nn-tryp- 
tophan in the absence of nicotinic acid. Failure of the control 
group receiving 0.3% of nir-tryptophan and 50 mg of nicotinic 
acid per kilogram of diet to equal the gains of the 0.45% 
tryptophan group is unexplainable. 

The weight gains are plotted in figure 1 d. It is obvious 
that more data are needed between 0.5% and 0.6% levels of 
supplementation in order to establish a plateau. A plateau 
cannot be obtained from the data of this experiment since 
the 0.3%, 0.35%, 0.40% and 0.45% levels of supplementation 
must be used to obtain a significant positive slope. A line 
fitted to the data of the remaining 0.5% and 0.6% levels has 
a significant negative slope and therefoi’e its intersection at 
0.47% with the positive slope does not necessarily designate 
the point at which the response is maximum. However, it 
does give an estimate of the requirement. 

The feed required per unit gain as shown in table 7 is 
at a minimum at the 0.45 and 0.5% levels of nn- tryptophan. 
Tliis together with the weight gains suggests that the require- 
ment for DL-tryptophan in the absence of nicotinic acid is 
approximately 0.45% of the diet. 

DISCUSSIOX 

The data indicate that the tryptophan requirement of the 
baby pig on the diet used in tliis work is approximately 0.2% 
of L-tryptophan or 0.3% of on- tryptophan in the presence of 
excess nicotinic acid and thus that one-third of the n-tryp- 
tojilian is utilizable by the pig for growth. 

The data indicate that approximately 0.45% of DH-tryp- 
tophan (equal to 0.3% of L-tryptophan) is required to supply 
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therefore, the work of Remington et al. {’42), and Wiese et 
ah (’48). They contrast, however, with tliat of Canadell and 
Valdecasas (’47), Johnson and Baumann (’47), and Kelley 
and Day (’48), due probably to differences associated with 
intestinal absorption. They contrast also with the results 
of Drill and Truant (’47) but an explanation for this is dif- 
ficult to offer. 

It is of interest to note the significantly higher (P < 0.05) 
liver vitamin A storage in the group rendered hypothyroid 
with thiouracil (table 1), an irregulaidty which has also 
been reported in blood by Bieri (’49) and Avhich would ap- 
pear to be attributable to thiouracil iicr se rather than to 
the thyroid. The somewhat smaller weight increase in the 
hypothyroid group after injection would appear also to 
confirm the observations of Wiese et al. ( ’48) who have em- 
phasised that when assessing the effect of drugs such as 
thiouracil on carotene metabolism by biological assays in- 
volving weight increases, allowance must be made for the 
growth-inhibiting action of the drugs themselves. 

SUMJIARY 

The effect of the thyroid on the conversion of carotene to 
vitamin A has been studied in the rat, carotene being ad- 
ministered intravenously as an aqueous dispersion in Tween 
40 (polyoxyethylene sorbitan monopalmitate). 

Twenty-four hours after the injection of carotene into 
normal, hyperthyroid, hypothyroid, and thyroidectomised ani- 
mals partially deficient in vitamin A, liver levels of vitamin 
A increased from 1.1 pg to 11.0, 10.6, 12.8 and 10.2 jig/liver, 
respectively, while blood levels of vitamin A increased from 
11 ^Jg to 19, 17, 21 and 18 pg/lOO ml plasma, respectively. ^ 

Within 11 days of injection into completely deficient ani- 
mals, ocular symptoms had disappeared from all 4 treated 
groups. The rate at which symptoms disappeared was ap- 
proximately the same in all groups while weight increases, 
with the exception of the hypothyroid group Avhich was lower, 
were the same also. 
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SUiDilABT 

The relationship between the requirements of the baby pig 
for ir-tryptophan, nir-tryptophan and nicotinic acid were 
studied using a hydrolyzed casein synthetic milk diet con- 
taining 28% of protein. 

1 . The requirement of the baby pig for uir-tryptophan 
is approximately 0.29% of the dry matter of the diet when an 
excess of nicotinic acid is present. 

2. The requirement of the baby pig for n-tryptophan in the 
presence of an excess of nicotinic acid is 0.19% of the dry 
matter of the diet. The difference between the n and r»n 
requirements implies that about 3 of the unnatural isomer 
can be used for growth. 

3. The nicotinic acid requirement for maximum growth is 
near 20 mg per kilogram of diet when 0.3% of nn-tryptophan 
is present in the diet. 

4. The DL-tryptophan requirement is increased to ap- 
proximately 0.45% of the diet when nicotinic acid is absent. 
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(Received for publication December 27, 1955) 

The discovery of the estrogenic activity of genistein, 4', 5,7 
trihydrosyisoflavone (Bradbuiy and White, ’51) isolated from 
subterranean clover focused attention on the distribution 
and physiological effects of estrogenic-like compounds in 
feeds. Carter et al. (’53) and Cheng et ah (’53) found that 
the estrogenic activity of soybean oil meal, as measured by 
the uterine weight of immature female mice, is due to the 
presence of genistin, the glucoside of genistein. Work in 
our laboratory (Carter et ah, ’55) also has shown that when 
genistin, isolated from soybean oil meal, was fed to mice 
at a level of 0.2% of the diet fewer litters were born. 

The present study is concerned with the further exploration 
of some of the effects produced by genistin isolated from 
soybean oil meal. The first objective was to determine the 
effect of genistin on growth of the male mouse and on the 
testicular development as measured by testes weights and 
spermatogenesis. A second objective was to compare the 

‘PiiMislicd with the approv.il of the Director of Ilcscarch as paper no C98 
of the Journal Scries. 

’Supported in part by Tennessee Valley Authority, Knoxville, Tennessee. 
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MATERIALS AND METHODS 

Two separate experiments were niicler taken to investigate 
the effects of insulin administration on vitamin Bc-deficient 
rats. In each experiment, groups of 10 rats were oinploj^ed, 
except that the initial groups in exiieriment II comprised 
only 8 rats each. AVistar strain rats ^ were used throughout. 
Average initial body weights Avere: experiment I, males 
113 gm, females 110 gm ; experiment II, males 134 gm, females 
121 gm. Rats Avere housed in indiAudual screen-bottom cages 
in a room maintained at 75 2°F. The basal diet contained 

20% of casein, 20% of corn oil, and Avas similar to that de- 
scribed previously (Beaton et ah, ’53), except that agar Avas 
replaced Avith a non-nutidtiAm cellulose." For one Aveek prior 
to the experiments, all animals receh’ed the basal diet plus 
pyridoxine hydrochloride at a leA’el of 5 mg per kilogram of 
diet. It Avas estimated that each animal had about 50 Mg of 
pyridoxine hydrochloride per day. The same concentration 
of this Autamin Avas present in the diet fed to control groups 
throughout the experimental period. 

In both experiments separate groups of male and female 
rats Avere used so that differences due to sex could he de- 
termined. In experiment I, the treatments Avere: initial con- 
trols, fasted for 18 hours and killed to determine initial com- 
position; deprh^ed; deprh^ed treated Avith insulin; control; 
control treated Avith insulin. Insulin ^ administration of 4 
units per day subcutaneously Avas hegnn on the 10th experi- 
mental day. All of the rats in experiment I Avere fed ad libi- 
tum. In experiment II, the treatments Avere similar except 
that a pair of control groups were pair fed Avith the untreated 
deprived groups; insulin Avas not ghmii to either pair-fed or 
ad libitum-fed controls. DepriA’’ed animals given insulin ® re- 
ceived the folloAving dosage subcutaneously per rat per day: 
during the first 20 days, 4 units ; 20 to 27 days, 6 units ; 27 to 
32 days, 4 units. 

^ CarTvorth Farms. 

* Alphacel, 

* Protamine zinc insulin, Toronto, 40 units per milliliter. 
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groups of 10 animals eacli and then each a n imal ^thin a 
group Tvas assigned at random to one of the 10 treatments 
until a complete replication had been formed. This process 
■was repeated for each of the remaining -weight groups. 

The mice -were housed indi-vidually in 'wire cages "with 
screen floors. 

The composition of the basal diet is given in table 1. 
Vitamins and methionine^ -were pro-mded as reported by 
Carter et al. (’55). Each animal -was fed its assigned daily 
dose of genistin “ or stilbestrol premixed in 1 gm of the 
basal diet. After this -was consumed, untreated basal diet -was 
fed ad libitum. This procedure -was repeated daily throughout 
the experimental period of 6 -weeks. 

Body weights were recorded weekly. At the termination 
of the experiment the mice were sacrificed; fresh weights 
were determined and histological studies were made on the 
testes, adrenals, spleen and kidneys. 

KESITETS 

Ten mice died during the experiment ; 4 were receiving the 
4th level (highest) of genistin, two were recei-ving the third 
level of genistin and 4 were scattered, singly, among some of 
the other levels of the two test substances (table 2). 

A regression analysis of the weight gains as the dependent 
variable and the logarithm of the dosage level as the inde- 
pendent variable indicated that there was a significant 
(P=^0.01) linear decrease in growth rate associated with 
increasing levels of genistin in the diet. In fact, on the 
average, the mice receiving the 4th level of genistin lost 
weight. On the other hand aU mice receiving stilbestrol gained 
weight; only the group receiving the highest level of stil- 
bestrol gained significantly less (P^O.Ol) than the control 
group (table 2). 

^"Vitamins niid methionine were contributed bv Merck and Companv. 

Oeni’^tin was isolated from commercial sovbean meal as dc 5 cribe<l by Carter et 
al. (7)3). The soyb^'an meal was contributed by members of the Xorth Carolina 
Feed Manufacturers’ Association. 
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rats. Because of the increasing sensitivity io insulin, the 
experiments were terminated before an acute deficiency had 
been attained. Incipient acrodynia was in evidence; insulin 
administration had no obvious effect on cither the time of 
onset or degree of the acrodynia. 

TABLK 1 


Bodj/ composition in vitamin J5,*c7cprirc(? and control rats 


cnoup 

AvnRAnr 

FOOD 

INTAKE 

AVERAOr. 

^VEIOIlT 

GAIN 

COMPOSITION or THE 
WEIGHT GAIN 

IVntcr Fnl Protein 


fftn/rat/day 

irm/rnf 

pm 

pm 

pm 

Experiment 1 

A. Males 

— B, 

13 

G1 

37 

G 

15 

— Be insulin 

14 

97 

45 

28 

16 

+ B, 

IG 

143 

7G 

34 

27 

+ Be + insulin 

IG 

144 

74 

35 

28 

B. Females 

— B. 

11 

32 

14 

7 

11 

— Be insulin 

13 

58 

00 

2G 

13 

+ Be 

12 

67 

31 

20 

12 

Be insulin 

15 

9G 

34 

42 

15 

Experiment II 

A. Males 

— Be 

12 

90 

58 

9 

. 21 

— Be + insulin 

14 

124 

61 

3G 

23 

-f- Be pair fed 

12 

145 

79 

35 

27 

+ Be fed ad libitum 

15 

149 

87 

31 

30 

B. Females 

— B, 

10 

45 

21 

11 

8 

— Be + insulin 

12 

74 

23 

35 

10 

Be pair fed 

10 

81 

37 

2G 

13 

+ Be fed ad libitum 

13 

8G 

42 

25 

15 


Data regarding food intakes, body weight gains, and 
changes in carcass composition are shown in table 1. Since 
only group averages are available, it is impossible to calcu- 
late the significance of differences. Cautious interpretation 
is in order. The purpose of insulin administration Avas to 
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As is shown in table 2, there was an increase in adrenal 
weights associated with the first two levels of genistin, fol- 
lowed by a drop in adrenal weights in animals receiving the 
two highest levels of genistin. All the groups of mice receiv- 
ing stilbestrol showed an increase in adrenal weight as com- 
pared to the control group. There was only a slight correla- 
tion between body weight and adrenal weight (r = -{- 0.027). 

The differences observed in kidney weights could be ex- 
plained by differences in body weight. The correlation be- 
tween body weight and kidney weight was r = -f 0.769. Ne- 
crotic areas were observed on the kidneys of animals receiv- 
ing the three higher levels of genistin. 

The spleen weights, table 2, were quite variable. There 
were no significant differences in weight of the organ that 
could be attributed to differences in treatment of the animal. 

Disctrssiox 

The evidence presented indicates that gemstin at certain 
dose levels has a detrimental effect on survival, growth rate 
and spermatogenesis in mice. Undoubtedly the effects ob- 
served could be partially explained by the probable coincident 
decrease in food intake but it is ufilikely that taste per se 
was a significant factor, because of the feeding procedure 
used. It appears, therefore, that the results obtained were 
due, in part at least, to an effect of genistin other than 
nutrient intake. 

One of the questions remaining is whether or not the effects 
of genistin are associated with its estrogenic properties. The 
depressing effects of exogenous estrogens on growth and 
testicular development are considered to be mediated via 
the pituitary. All the naturally-occurring estrogens and stil- 
bestrol apparently decrease the output of gonadotrophin and 
growth hormone of the pituitary’ (Richards and Kueter ’41- 
and Emmons and Parks, ’47). 

A comparison of the results obtained on growth and tes- 
ticular development indicate that the physiological action of 
gemstm is different from that of stilbestrol. As is shown in 
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tion. No sucli interaction was seen with respect to the alanine- 
giutamic transaminase. There was no general effect of insulin 
on the activities of either of these enzymes. 

Although an analysis of variance was not possible in the 
second experiment due to its design, the “t-test” was used 
to ascertain the significance of the differences between means. 
In general, confirmation of the results of the first experiment 


TABLE 2 

AUcraiioiis in Uvcr cnci/nic activiiics tn fi/fimin U, deficiency 


(mean it standard error of the mean) 


GROUP 

NU.MIIRR 
or r.ATS 

CATALASE * 

, ALANIKE- 
GI.UTAMIC 
TRAXSAMIKASK ‘ 

ASPARTIC' 
GLUTAMIC 
transaminase * 

Experiment 1 

— E. 

20 


41 ± 1.9 

no ± 3.0 

— Be -f- insulin 

14 


3S ± 1.9 

92 ± 3.0 

Be 

20 


00 ± 2.8 

115 ± 1.7 

-j- Be 4- insulin 

to 

o 


59 3.8 

120 ± 3.2 

Experiment II 

-B. 

10 

0.70 It 0.020 

37 If: 1.4 

104 ± 2.6 

— Bfl -f- insulin 

12 

0.04 ± 0.030 

37 ±: 1.0 

99 ± 6.1 

4- Be pair fed 

10 

0.01 ± 0.033 

51 ± 2.5 

106 ± 2.7 

+ B. fed ad lib. 

10 

0.03 ± 0.025 

50 ± 2.8 

116 ± 2.7 


' Activities expressed as niillicquivalents of sodium perborate destroyed per 
milligram of wet tissue per hour. Aletliod of Feinstein ('49). 

^ Activities expressed ns microliters of pyruvatc-COa formed per milligram of 
wet tissue per hour. Method of Tonhazy et al. ('50) as modified by Caldwell and 
McHenry ('53). 

^ Activities expressed as microliters of p3’ruvatC’C02 formed per milligram of 
wet tissue per hour. Method of Tonhazj’ et al. ('50). 

was obtained. Deprivation of vitamin Bo led to a significant 
depression of alanine-glutamic transaminase activity as com- 
pared to pair-fed or ad libitum-fed controls (t = 4.83 and 
4.10, both significant at the 1% level) ; insulin administration 
to deprived rats had no effect on the activity of this enzyme 
nor did the restriction of the food intake of control rats have 
any effect. The deprived rats exlaibited a lower aspartic- 
glutamic transaminase activity than did the ad libitum-fed 


EFFECT OF GEXISTIX OX THE MAIiE :MOTjSE 


241 


sxm:siaky 

"^Tien genistin was fed at levels of 9, 18, 36 and 72 mg per 
day per mouse, the following results were obtained: 

1. An inverse linear relationship was found between the 
logarithm of dose levels of genistin and growth rate. 

2. Genistin appeared to have a depressing effect on testes 
weight beyond that attributable to differences in body weight. 

3. No spermatozoa were present in testes of the mice given 
the two higher levels of genistin. 

The effects of genistin on growth and testicular development 
differed, both qualitatively and quantitatively from those of 
stilbestrol. 
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An inverse relation between food intake and the digestible 
energy concentration of the food is quite weU established 
vdtli diets adequate in all know essentials except energy 
(Adolpb, ’47; Dansky, ’52; Strominger, Brobeck and Cort, 
’53; Hill and Dansky, ’54; Peterson, Gran and Peek, ’54). 
It is also generally accepted that the regulation of food intake 
is in some way related to energy needs although the pathways 
by Avhich a need for energy is translated into an impulse to 
eat have not been established. However, the relation of 
energj- needs to the ad libitum intake of diets deficient in 
factors other than energy is less clear (Carpenter, ’53). "With 
diets moderately deficient in amino acids, the poor growth and 
food consumption have been variously attributed to (1) a 
refusal to eat (an instinctive ability to recognize the de- 
ficiency), (2) a feeling of ill-being provoked by the deficiency. 


_ 'TIic clMu in this pnpcr arc taken from a thesis submitted by the senior author 
in partial fulfillment of the requirements for the depree of Doctor of Philo'onhv 
in Xntrition, University of California, 1954. 

’Present address. Department of Home Economics, University of California 
ColloRc of Apriculturc, Berkeley 4, California. 
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Nominations are solicited for the 1957 Award and a gold 
medal made available by the Borden Company Foundation, 
Inc. The American Institute of Nutrition will make this award 
in recognition of distinctive research by investigators in the 
United States and Canada which has emphasized the nutritive 
significance of the components of milk or of dairy products. 
The award will he made primarily for the publication of 
specific papers during the previous calendar year, hut the 
Jury of Award may recommend that it he given for important 
contributions made over a more extended period of time not 
necessarily including the previous calendar year. The award 
is usually given to one person, hut if in their judgment cir- 
cumstances and justice so dictate, the Jury of Award may 
recommend that it he divided between two or more collabo- 
rators in a given research. The Jury may also recommend 
that the award be omitted in any given year if in its opinion 
the work submitted does not warrant the award. ^Membership 
in the American Institute of Nutrition is not a requisite of 
eligibility for the award. Employees of the Borden Company 
are not eligible for this honor. 

Nominations may he made by anyone. The following in- 
formation must be submitted: Name of the Award for which 
candidate is proposed and as convincing a statement as pos- 
sible as to the basis of the nomination (this may include a 
pertinent bibliography but reprints are not required). Five 
copies of all documents, including seconding statements, must 
be sent to the Chairman of the Nominating Committee before 
January 1, 1957, to be considered for the 1957 Award 


Chairviarif Nominating Committee: 

C. G. Mackenzie 
Department of Biochemistry 
University of Colorado School of Medicine 
4S00 E. 9th Avenue, Denver 7, Colorado 
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ferent levels of crystalline L-lysine hydrocMoride. G-rau (’48) 
found that 0.68% of L-lysine permitted the maNimum growth 
of chicks fed a diet containing 15% of sesame seed oil meal 
protein. In the present experiments, sesame seed oil meal 
at a level of 15% of crude protein was estimated to provide 
0.42% of L-lysine (Block and Bolling, ’51). Thus, lysine 
limited growth until the total level reached 0.68%. 

METHODS 

Single-Comb "iVhite Leghorn chicks of both sexes were main- 
tained on a stock laboratory diet in thermostatically controlled, 
electrically heated battery brooders until two weeks of age. 
At that time they were uniformly distributed by weight into 

TABLE 1 


Composition of the l}asal 15% sesame-protein diet 


IKGREDIEXT 


lyGREDIEKT 



Vc 


% 

Sesame seed oil meal ' 

32.95 

Folic acid* 

0.0002 

(45.51% or 46.0% 

or 

Sucrose * 

1.00 

crude protein) 

32.61 

Calcium carbonate 

1.75 

Crude soybean oil 

2.00 

Tricalcium phosphate 

1.8 

Choline chloride 

0.20 

Monosodium phosphate 

1.3 

Fortified fish oil 

0.25 

Potassium chloride 

0.6 

(2250 A — 300D/gm) 


Sodium chloride 

0.48 

Natural mixed tocopherols * 

0.05 

Magnesium sulfate 

0.24 

2-methyM ,4-naphthohydro* 


Sodium silicate 

0.11 

quinonc diacetatc 

0.001 

Manganese sulfate 

0.015 

Thiamine hydrochloride 

0.0005 

Aluminum sulfate 

0.003 

Pibofiavin 

0.0005 

Ferric citr.atc 

0.003 

Pyridoxin e hydrochloride 

0.0005 

Cupric sulfate 

0.0013 

Nicotinic acid 

0.0015 

Zinc sulfate 

0.0013 

Calcium (d) pantothenate 

0.0015 

Cob.alt acetate 

0.00006 

Biotin 

0.00001 

Vitamin * 

Glucose • 

5pgAg 
to 100% 


‘ Kindly provided by the Pacific Vegetable Oil Corporation, San Franci 5 co, 
California, 

* Kindly provided by the Ledcrle Laboratories, Inc., Pearl Kiver, Kew York, 

* Kindly provided by Merck and Co., Halnvay, Xe\v Jersey. 

• Sucrose was used ns a carrier for wator-soliible vitamins. 

*Type lV-34 (340mp/pm), l^istillation Prodnrts, Inc.. Koebester, Xcvr York. 

• Cerclose, 
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lysine, the introduction of eellu flour' caused little improve- 
ment in growth although in experiment 1, growth at 0.72% of 
lysine was significantly greater in the presence of 12% of eellu 
flour. 

Food, protein and lysine intakes. The addition of eellu 
flour to the diets always resulted in an increased food intake 
at all levels of lysine (fig. 2), and the differences in food 
intake in response to the variations in energy level were 



Fig. 1 Growth in xeiation to dietary levels of lysine and eellu flour. 


apparent at the end of the second day. One-day food intakes 
were not measured. 

In the presence of 12% of eellu flour, the food intake at 
a given level of lysine equalled or exceeded the intake at the 
next higher level of lysine in the absence of eellu flour. As 
food intake increased, the intake of protein and lysine likewise 
increased, and at any given level of lysine, the greater lysine 
intake ooenrred with the diet containing celln flour (fi". .3). 

hneray intake. The average estimated metabolizable en- 
ergA- intakes for the IS-day period are given in table 2. Until 
the level of lysine reached O.S2% in experiment 1 and 0.72% 
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At 0.42% of lysine, an increase in the level of cellu flonr 
from 12 to 24% resulted in a greater intake of metabolizable 
energy, but tbe energy intake decreased Tvben tbe level of 
cellu flour vas raised from 24 to 36%. 


TABLE 2 


Feed efficiency and the efficiency of energy 'iiiilizaiion in relaiion io the dietary 
levels of lysine and cellu flour 


nYsis't: 

CELLU 

aveeage 

feed 

FLO UP. 

r. r EFTICrEKCT 

ivcal. 

COKSUMED 



gm 

gm gain 


/C 


gm feed 




Experiment 1 



0.42 

12 

152 

0.181 

0.063 

0.42 

24 

169 

0.180 

0.073 

0.42 

36 

168 

0.156 

0.076 

0.52 

0 

169 

0.248 

0.075 

0.52 

12 

193 

0.252 

0.088 

0.G2 

0 

202 

0.298 

0.091 

0.62 

12 

245 

0.308 

0.107 

0.72 

0 

246 

0.361 

0.110 

0.72 

32 

268 

0.345 

0.120 

0.S2 

0 

272 

0.3S1 

0.116 

0.82 

12 

274 

0.353 

0.122 



Experiment 2 



0.42 

32 

173, 175 

0.214, 0.219 

0.075, 0.073 

0.52 

0 

1S6, 196 

0.252, 0.271 

0.077, 0.0S3 

Cl 

o 

12 

237 

0.272 

0.095 

0.62 

0 

234, 250 

0.318, 0.338 

0.097, 0.103 

0.G2 

12 

249,266 

0.317,0.332 

0.111,0.109 

0.72 

0 

271 

0.377 

0.115 

0.72 

32 

277 

0.354 

0.124 

Feed 

cljicicncy 

and energy nfili, 

zaiion. Feed 

efficienev 


(grams gain per gram of food eaten) vas increased by tbe 
introduction of 12% of cellu flour at tbe 0..52% lysine level 
(talfle 2), but vas decreased at bigber lysine levels (except at 
0.62% lysine in experiment !).'• At all levels of lysine, bow- 


‘ Tlio improvrment in prowth c.nu5c<l bv the introduction of ICf'c of cclla floor 
nt 0.02^ of Irsino ^vn5 xinuFunlly prt'nt in (Xf^^riniont 1. Thi«^ prr^nt nn 

incnt in p-on-Ui not occur in experiment 2 or in other experiments not reported 
It ere. * 
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A comparison of the basal, the 12%, and the 24% ceUu flour 
diets at the 0.42% level of lysine illustrates the relation of 
lysine intake to growth rate (figs. 1 and 3). In the absence of 
ceUu flour, mortality was 100%. IVlien 12% of cellu flour 
was present, mortality was negligible, and the increased lysine 
intake permitted a slow rate of growth. "With 24% of cellu 
flour, lysine intake again increased, and growth improved 
even more. The increased intake of the lysine-deficient diets 
indicates that (1) the chicks ate primarily to meet energy 
needs, (2) dietary palatability was not affected by a moderate 
lysine deficiency or by the introduction of cellu flour, and (3) 
the chicks did not instinctively recognize a lysine-deficient 
protein. 

The introduction of 36% of cellu flour resulted in the 
greatest intake of lysine at the 0.42% level (fig. 3), but in this 
case, growth appeared limited by the bulk of the diet. Since 
food energy was always limiting, the additional protein and 
lysine could not be used for protein synthesis, but were meta- 
bolized to promde energy. 

At 0,52 and 0,62% of the diet, lysine still restricted growth. 
Grau (’48) estimated that 0.68% of lysine is required in the 
diet for maximum growth with a level of 15% of protein. 
Until this level of lysine was reached, improved growth 
would be expected from an increase in lysine intake produced 
either by an increase in the lysine level or by increased food 
intake. The results verified this exiDectation : maximum growth 
occurred at 0.72% of lysine in the second experiment although, 
in tlie first experiment, the presence of 12% of cellu flour 
at 0.72% of lysine significantly improved growth. 

The gains with the 15% sesame-protein diet supplemejited 
witli 0.3 and 0.4% of n-lysine equalled the gains observed 
when tliis type of semipurified diet contained 20% of fi.sh meal 
protein. The occurrence of maximum gains at a level of 1.5% 
of protein witliout the addition of cellu flour differs from 
previous results from this laboratory in which maximum trains 
occurred with a 16% fish ntcal protein diet only after the 
inclusion of 12 and 24% of cellu flour (Peterson et ah. *54). 
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resulted in an equal gain with an appreciably smaller energy 
intake. Although the equal weight gains might represent 
equal energy gains, it is more likely that the equal weight 
gains represent smaller energy gains. This possibility was 
suggested by the limited studies of body composition done by 
Peterson et al. ( ’54) hut their data were insufiBcient to allow 
a definite conclusion. The results of Dansky (’52) and Hill 
and Dansl^ (’5i), which became available during the present 
study, also suggested that such equal weight gains denote 
unequal energy gains. These authors found that the substitu- 
tion of oat hulls for corn in a natural feedstuff ration resulted 
in weight gains equal to or greater than the gains allowed 
by the basal diet, hut the estimated productive energy intake 
and the percentage of body fat decreased as the level of oat 
hulls increased from 10 to 40%. 

StmilARY 

Semipurified diets containing 15% sesame protein and vari- 
ous levels of lysine were fed ad libitum to two-week old chicks 
for a period of IS days. The substitution of 12% or more of 
cellu flour (wood-pulp cellulose) for an equal weight of glucose 
resulted in improved growth Avith all of the diets deficient in 
lysine. The improved growth was most readily attributed to 
the increased feed and lysine intake in response to the decrease 
in the digestible energy concentration of the diets caused by 
the substitution of cellu flour for glucose. Peed intake varied 
inversely with the digestible energy concentration of the 
diet, and energy* intake appeared related to energy needs. At 
adequate dietary levels of lysine, the introduction of 12% of 
ccllu flour had little effect on growth, but at all lysine levels, 
the presence of 12% of cellu flour reduced the estimated 
metabolizable feed energy.’ required per unit of weight gain. 
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Improvement in the eflSciency of utilization of metaboliz- 
able food energy for weight gain by chicks was observed when 
moderate reductions were made in the digestible energy con- 
centration of semipurified diets containing Ihfo of sesame- 
seed protein through the substitution of cellulose (cellu flour) 
for glucose (Williams and Grau, ’56). In these experiments, 
the metabolizable energy concentration of the diets was only 
estimated, and cellu flour was considered completely indiges- 
tible. The equal weight gains made with an apparently smaller 
metabolizable energy intake might represent equal gains of en- 
ergy produced by more efficient utilization of metabolizable en- 
ergy*. On the other hand, it is well established that equal gains 
of weight do not necessarily represent equal energy gains 
(Fraps, ’43; Dauskr*, ’52; Hill and Dansky, ’54), Peterson et 
al. (’54) found that the percentage of body fat in chicks de- 

* The in this pnper nro taken from n thesis submitted by the senior author 
in partial fulfillment of the requirements for the dc;;rco of Doctor of Philosophv 
in XutritimL rniversity of California, 1951. 

* Tresont address, Department of Home Economics, University of California, 
Collt'j^c of AprieuUurc. Itorkcley 4, California. 
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of chicks Avere shifted daily to different levels in the battery. 
The 6 cages used occupied the second, third and 4th levels 
of a 5-level battery, and the chicks on each diet occupied each 
level 7 times in the three-week period. 

Spilled food was collected with the excreta since the calori- 
metric determination of metabolizable food energy would not 
be affected by the relatively small amount of food spilled 
[metabolizable energy of the food= (gross food energy eaten 
+ gross food energy spilled) — (gross energy of the excreta 
-{-gross food energy spilled)]. 

Some error in food intake was introduced by the failure to 
measure food spillage, but this was only a small percentage 
of the total three-Aveek intake. The excreta were dried for 
24 hours at 70°C., weighed, and pooled. IsTo correction Avas 
made for the loss of ammonia. 

At the end of the three-Aveek experimental period, all the 
chicks AA’ere killed by carbon tetrachloride inlialation. The 
contents of the gastrointestinal tract Avere removed, and the 
carcass and intestinal tract placed in a tared beaker. Body 
AA’ater Avas determined by drying the carcass to constant AA'eight 
in a forced-draft oven at 100° C. Fat AA'as determined from 
the loss in Aveight of the dried carcass after cold extraction 
Avith ethyl ether until the extracts Avere fat-free. The dried, 
other-extracted carcasses AA'ere then autoclaved for 6 hours 
in 20% sulfui’ic acid, and the hydrolysates Avere filtered and 
diluted to a knoAra volume. Carcass nitrogen Avas determined 
on aliquots of the hydrolysates by the semi-micro Kjeldahl 
procedure. The factor 6.25 Avas used to estimate carcass pro- 
tein from the nitrogen. 

Excreta nitrogen was determined by the semi-micro Kjel- 
dahl method Avitli aliquots of a digest representing 0.5 gm of 
excreta. The moisture content of food and excreta Avas ob- 
tained by drying a 2 gm sample in a vacuum oa'cu for 4S hours 
at 70'C. The heats of combustion of the diets and the pooled 
excreta Avere determined by combustion in an Emerson Fuel 
Calorimeter. 
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the inti’oduction of cellu flour agrees "vrith previous results 
with this type of diet (Williams and Gran, ’56). 

Food intake. The average cumulative food intakes are 
plotted in figure 2. Since the chicks were of similar size at 
all times, the comparison of average food intakes is valid. Up 
to 4 days, the intake of all three diets was nearly the same, 
and little adjustment in response to the ditferences in the 



DAYS 

Fir. 2 .Vvernge cumulative footl intakes (Rrams wet veiRlit) for the 21-d.av 
exuorimcntal period. 


digestible energy concentrations of the diets Avas apparent 
although the growth rates were equal. By the 5th day, the 
chicks fed the 15% cellu flour diet began to increase their 
food intake in comparison with the other two groups, and 
tliey subsequently maintained a greater intake. Little increase 
in the intake of the 5% cellu flour diet occurred until the 16th 
day. Previous experiments (Williams and Grau. ’56) showed 
more rapid adjustments in food intake in resjionse to greater 
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dian Indian by Warwick and Phillips (’54). Speculation as 
to environmental influences possibly contributing to these 
findings led to a consideration of nutrition. An initial study 
was begun in the summer of 1954 in the areas around Ganado 
and Eough Eock, Arizona. These were indecisive, but clearly 
indicated a deficit of basic nutritional information of “The 
People.” The present study was designed to supply some 
of this basic nutritional information concerning the Navajo 
and was made in the area ai’ound Ganado and Pinon (fig. 1). 


TAIU.E 1 

Xnvajo apency 10f)0 population hy age and srx' 


AGK 

MAI.K 

v»:maui 

TOT A I. 

Under 5 

5,501 

5,373 

10,934 

5-9 

5,021 

5,139 

10,100 


4,535 

4,120 

8,001 

3 «j — 14 

32,538 

13,188 

25,720 

45 + 

4,7S9 

4,004 

8,793 

Toyai. 

32,444 

31,830 

04,274 


^Source: U. S. Bureau of the Census (1953). 


POPULATION 

The population estimates from the 1950 census (U. S. 
Bureau of the Census, ’53) are given in table 1. Certain 
limitations in the accuracy of these have been noted by 
Hadley (’55) and Kraus (’54), but they stand as the best 
estimates available. 

The limited educational background and the high illiteracy 
rate are evident from the data on years of school completed 
by persons 25 years of age and over in 1950 (table 2). The 
major occupational groups of employed individuals are very 
nearly entirely non-professional in category and most of the 
employed individuals are engaged in farming and stock 
raising, with a smaller group serving as laborers and opera- 
tives (table 3). Data on income are probably of doubtful 
validity, but for 1949 almost half of the persons 14 years old 
and over were listed as having no income, and 76% of those 
reporting bad an income of less than $500 per year. 
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difference between the total food energy consumed and the 
total energy excreted per chick for the entire period. 

Equal intakes of metabolizable food energy were attained 
with the basal and the 5% cellu flour diets, but the intake 
from the 15% cellu flour diet was somewhat less. The average 
three-week metabolizable energy intakes were 1624, 1617, and 
1571 Kcal., respectively, for the basal, the 5%, and the 15% 
cellu flour diets. Again, the presence, of cellu flour in the diet 
improved slightly the efficiency of utilization of metabolizable 
energy for weight gain (table 1). Xitrogen retention was 
nearly the same with all three diets and was not altered by 
the introduction of cellu flour. Since the nitrogen retention 
data indicate that equal gains of protein must have occurred, 
any differences in body energy gain should be reflected in 
the gain of body fat. 

huUgestihiUty of cellu flour. The results of the present ex- 
periment confirm the assumption that cellu flour is not di- 
gested by the chick (table 1). Two different methods of ap- 
proach, (1) the “digestibility” of the diet and (2) the energy 
content of the combined excreta, show that very little of the 
eiierg}' of cellu flour is available to the chick. 

The “digestibility” of the diet is usually calculated from 
the expression 100 (A-B)/A whore A is the amount of a given 
nutrient consumed and B is the amount of that nutrient in 
the combined excreta. This expression, however, when ap- 
plied to chicks, actually represents the “metabolizability ” of 
the diet and indicates the amount of food available after urine 
and fecal losses. If cellu flour was not digested and if it did 
not alter the digestibility and utilization of the diet as a whole, 
then the difference in digestibility between the basal and the 
cellu flour-containing diets should equal the level of cellu flour, 
i.p. 5 or 15%. 

On the basis of total dry matter or total organic matter, 
the ,')% cellu flour diet contained 4 to 5% more and the 15% 
cellu flour diet contained 15 to 16% more non-metabolizable 
material than did the basal diet. The difference of 1 % between 
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for the United States. The leading causes of death among 
the Navajo in 1950 were, in order: tuberculosis; enteritis, 
gastritis, and related diseases; “ill-defined and unknown”; 
diseases peculiar to infancy; influenza and pneumonia; and 
accidental deaths. The three leading causes of death in the 
general population of the United States (diseases of the 
heart, malignant neoplasms, and vascular lesions affecting 
the central nervous system) were not among the G leading 
causes of death for the Navajo. 

The sociologic and anthropologic aspects of the Navajo 
have been reviewed on many occasions. The reader is re- 
ferred to several excellent monographs (Kliickhohn and 


TABLE 4 

Chsiri^ iivcstocJj invcritori/ Kavajo reservation 



xuMnnir or 

MVrSTOCK 

NVMnrn or 

FA M I LI KS OWN I N 0 

Beef cattle 

17,07S 

3,445 

Dairy cattle 

0 

0 

Sheep 

387, GOl 

6,575 

Swine 

0 

0 

Horses and mules 

37,335 

8,500 

Poultry 

0 

0 

Goats 

68,028 

5,411 


Leighton, ’51; Leighton and Kluckhobn, ’48; Underhill, ’53; 
Underhill, n.d.) for additional background so pertinent to 
one’s overall appreciation of “The People.” 

FOOD PEODUCTION 

Title to the Navajo Reservation is held in timst by the 
United States Government “for the use and benefit of the 
Navajo Indians.” Supervision and protection of the lands 
are the responsibility of the U. S. Government; the lands 
are held in common by the members of the Navajo Tribe, 
are non-taxable, and cannot be sold or disposed of without 
consent of the Tribe and the Congress of the United States. 
In addition to the 15,107,983 acres of tribal lands, upwards of 
another 1,500,000 acres are available to the Navajo (665,021 
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the chicks fed the 15% ceUu flour diet (P < 0.01).^ The final 
body water content of the chicks fed the 15% eellu flour diets 
was significantly greater than the body water content of the 
chicks fed the basal and the 5% cellu flour diets (P < 0.01). 
There "were no significant differences, in the final body contents 
of either Avater or fat, between the chicks fed the basal and the 
5% cellu flour diets. Equivalent gains of protein were made 
vith all three diets as the nitrogen balance data had indicated. 
The gains of nitrogen calculated from the results of the car- 
cass analyses were less than the gains calculated from the 
nitrogen balance data. The difference may reflect the losses 
of nitrogen during collection of the excreta. 

These results show clearly that the utilization of metaboliz- 
able food energy for body energy gain was not increased by 
the introduction of cellu flour at a level of 15% although the 
efficiency of utilization of metabolizable energy for weight gain 
was increased slightly. 

The regulation of food intake. Although the food intake 
and digestible energy concentration of the diets are inversely 
related, it remains to be explained why the chicks fed the 
15% cellu flour diet did not eat sufficient food to make their 
metabolizable energy intake equal to that of the chicks fed 
the basal diet since the bulk of the 15% eellu flour diet did not 
restrict food intake. A similar question has been asked by 
Hill and Dansky (’54). Also, it may be asked why the chicks 
fed the 5% cellu flour diet ate sufficient food to make their 
intake of metabolizable food energy equal to that of the chicks 
on the basal diet. Conversely, it might be asked why the 
chicks fed the basal diet did not consume less food. 

Even if the observed differences in metabolizable energ\- 
inlakos wore not significant, the differences in productive en- 
ergy intakes were significant.^ More food energy was stored 

* The ^icIlific.^Ilcc of Hie difrcronocs l>ct«-ccn proiips in fin.nl bodr compoyifion 

bv covAriruicr nnnlysis of final empty body Txoifxhis and final bodv 
\vntor, fat or protein, 

• Prndutirr rnrrr> of tho = ntetaloliraMo rT\*’7Zy of tKe fcv*d — hfat ir.rrr-r.'r.t rf 
f<K>I — rr.rrjTj tJ*vl fnr riaititunanre. 
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THE EFFECT OF INTERMITTENT CONSUMPTION 
OF CALCIUM IN EATS ^ 


C. H. LIU, G. a ASHTON AND D. V. CATRON 
Ictca Agricultural Experiment Station, Ames 

(Received for publication January 13, 195G) 


It appears that animal organisms are able to utilize their 
nutrients more efficiently "when supplied at low levels in the 
diet. The studie.s of Hegsted et ah ( ’52) Avith men on low 
levels of calcium intake over long periods of time indicated 
their daily requirement for calcium was possibly considerably 
lower than the generally accepted high values of the con- 
ventional dietary recommendations. The study of Henry 
and Kon (’53) on the relationship between calcium retention 
and body stores in older rats suggested considerable adapt- 
ability to vaiying levels of intake. Recently, Hansard and 
Plumlee (’54) reported tbe physiological behavior of labeled 
calcium as a function of the dietary level of this element in 
rats. They showed that utilization efficiency decreases with 
increased intake of calcium and that total retention was high 
with low-calcium body stores. 

The present paper is a report of an investigation of the 
ofTect of a schedule of intermittent feeding on calcium utiliza- 
tion in rats. Different groups of animals were fed the same 
amount of calcium; however, except for the control group 
this nutrient was not consumed daily, but was made available 
in a periodically interrupted manner. It was hoped to learn 
whether the mechanism of “physiological regulation” in the 
body (Adolph, ’43) could cope with this irregular condition: 
reserving more calcium during the “have’’ period for the 
“have not” period. 

'.Ioiirii.ll ii.ijv'T no. J. -JSST of tlic loiva Acrjruljnral Experiment .Station. .\ir.C5. 
Projrtrl tio. 
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creased. Thus, in 1939, the 8,383 families consumed a minimum 
of 55,618 sheep and 40,859 goals (figures based on pelt 
purchase by trader, hence minimal) and in 1953 the 13,018 
families consumed 69,574 sheep and 41,747 goats. Herd 
improvement during this interval may partly equalize the 
actual meat consumption more nearly than is indicated by 
these figures based on animal units. 

PLAN OF STUDY 

This study describes the dietary habits and nutritional 
status of the Navajo in two contrasting regions, viz. the areas 
around Ganado and Pinon, Ai'izona, and defines the additional 
information necessary to obtain a valid picture Avhich could 
be generalized to the remainder of the population of the 
Reservation. 

The region around Ganado has been considerably influenced 
by the Avhite culture due to the long contact (since 1904) 
Avith the Ganado Presbyterian ^Mission, its school and hospital, 
and St. Michael's Mission. Three long-established trading 
posts are at Ganado and the center is readily accessible to 
Gallup, Ncav IMexico, and Port Defiance, Arizona. Pinon, 
on the other hand, is relatiAmly inaccessible over unimproved 
roads and has had no medical facility closer than Ganado or 
Keams Canyon. Pinon has Iavo trading posts and a small 
mission. The penetration of Avhite culture is limited. Both 
Ganado and Pinon are sites of recently constructed public 
schools. 

During the months of June and July, 1955, nutrition study 
clinics Avere established at Ganado and Pinon (fig. 1). The 
clinic staff included physicians experienced in nutritional 
surveys, nutritional biochemists, nutritionists, nurses, inter- 
preters, secretaries, drivers, and other supporting personnel. 
The Avork Avas initiated at Ganado on June 1. The initial 
period at Ganado seiwed to orient all Avorkers, and any member 

* Tlie 1939 Annual Extension Ucport shows 219,434 sheep and goats butclicrcd, 
representing 4,504,580 pounds of meat for home-consumption. In addition, there 
was consumed 523,725 pounds of beef and 328,510 pounds of horse and burro meat. 
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The data of this study w'ere analysed by the method of 
analysis of variance and the sum of squares for the feeding 
intervals were partitioned to give the mean squares for the 
lineal-, quadratic and remainder regression components 
(Snedecor, ’46, p. 410). All expressions of statistical sig- 
nificance pertain to P = 0.05 or less. 

BESULTS AXD DISCUSSIOX 

The initial weights of the 4 groups of animals were prac- 
tically identical at 38.2 to 38.3 gm. The 6-week gains for 

TABLE 1 


Effcci of intermittent feeding of calcium on the compositioin of the femurs of rats * 


RATJOK 

CROUP 

AIR-DP-T 

WT. 

Asn WT. 

Asn/AIE- 
DET WT. 

CAuciuir 

Ca/Asn 

PHOSPHORUS 

p/ash 


mp 

mp 

rc 

v\p 


mp 


1* 

571.4 

250.5 

43.9 

88.0 (100)> 

35.1 

54,2 (100) 

21.6 

o 

514.0 

226.8 

44.7 

79.5 (90) 

33.3 

52.7 (97) 

23.2 

3 

523.7 

236.5 

45.2 

76.0 (86) 

32.2 

51.9 (96) 

22.0 

4 

492.9 

220 2 

45.5 

63.3 (72) 

27.7 

48.2 (89) 

21.9 

Si‘ 

6.8 

6.4 

0.8 


0.8 


0.6 


'Values are averages for 6 rats, 

* Group 1 received 20 ijig of supplcmentart* calcium daily; group 2 received 40 mg 
on every second day, group 3, SO mg every 4tli day and group 4, 120 mg every 6th 
dav, 

* Figures in parentheses indicate the relative values ivlicn the value for group 1 
is expressed as 100. 

* s,' = standard deviation. 

groups 1 to 4, respectively, were 195, 188, 199 and 192 gm 
witli a standard deviation of 4.2 gm. The body weight gains 
per 100 gm of ration for the 4 groups were 30.5, 29.4, 31.1 and 
30.0 gm, respectively, with a standard deviation of 0.6 gm. 
None of the average differences in gain was statistically 
significant. Hence, the feeding of equivalent total quantities 
of calcium but at different time intervals did not affect the 
body weight ajipreciahly. 

Summaries of the analyses of the loft and right femurs of 
the animal are .chown in table 1. The air-dn.' weight and ash 
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posts and discussions lield wilii traders, as well as frequent 
contact with school teachers and public health nurses through- 
out the area. The staff of the Division of Eesources of the 
Indian Service at Window Eock, Arizona, generously assisted 
thi'ough helpful discussions and by providing access to their 
extensive records of food production and land use on the 
Eeservation. By combining the information so obtained a 
valid description of the broad dietary patterns of the popula- 
tion is possible. 

Prior to initiation of the clinics, publicity was given to 
them through radio broadcasts in the Navajo language, posters 
at trading posts, and contact with various tribal leaders. 
Persons voluntarily coming to the clinic were examined and 
requested to return with their families. Drivers and staff 
made numerous personal contacts with families and trans- 
ported many to the clinic. By judicious use of available local 
Iniowledge of the approximate economic position of families 
and of their geographic location (employing detailed district 
maps available for school purposes), an effort was made to 
obtain a representative sample of the population. The sample 
is biased, however, by the uncontrollable effects of refusal 
or willingness to participate, by the attendance of those who 
recognized a need for medical care (of especial influence at 
Ganado), and by other less identifiable factors. Nevertheless, 
it is our opinion that the sample provides a useful, if not 
absolutely representative sample of the population, and that 
it would be difiicult under practical conditions to obtain a 
more representative group. The composition of the sample 
and a comparison of it with the 1950 census data are given 
in tables 8 and 9. The emphasis on adults, and especially 
those over 45 years of age, was a result of the interest in 
studying the “cancer age.” 

The geographical location of the families participating in 
this survey is shovm on the accompanying map (fig. 1). Large 
areas of the Eeservation are not included in the sampling, 
hence the generalization permitted is limited and additional 
sampling is needed. 
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appreciably. The femurs of the rats Tvhich received a daily 
allowance of supplementary calcium had the greatest air-dr^* 
weight, ash weight, and total calcium and phosphorus con- 
tent. The average percentages of calcium in the femur ash 
were 35, 33, 32 and 28% for the 0-, 2-, 4:- and 6-day intervals 
of calcium feeding, respectively. The average percentages of 
phosphorus in the femur ash bore no relation to the length of 
the interval of calcium feeding. 
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corclingly, an evaluation of the nutritional status of a group 
of Navajos living on the reservation was made during the 
summer of 1955. The study was designed to supply basic nu- 
tritional information concerning the Navajo Indian in the 
areas around Ganado and Pinon, Arizona. 

From 7500 individuals in 1868, the Navajo population has in- 
creased to in excess of 78,000 despite high rates of infant and 
pre-school mortality, endemic diseases and indescribable hard- 
ships. Among these people educational opportunities and 
background have been limited. A high rate of illiteracy con- 
tinues. The earned income of the majority of “The People” 
has been reported as less than $500 per annum. 

Agriculture is based on a combination of sheep-goat graz- 
ing and cereal production. The home production of fruits 
and green vegetables is veiy limited. A comparison of the agri- 
cultural trends of the last two decades reflects the intensive 
program of resource development, a 7-year drought, and the 
changing economic status of the Navajo. As a result the 
production and consumption of their basic diet has shifted 
toward less home-grown grain, fruits, and vegetables. How- 
ever, meat has remained reasonably stabilized and satis- 
factory. 

Two contrasting areas of the reservation were selected for 
study. One around Ganado reflected considerable influence 
of the white man’s culture and was readily accessible to urban 
centers, whereas the region around Pinon has had more lim- 
ited penetration of the white man’s culture, and is relatively 
isolated because of unimproved roads and distant medical 
facilities. 

Dietary appraisal, biochemical assessment and physical ex- 
aminations were performed on 1246 subjects. This sample is 
adequate to reflect age, sex, locale and gestational trends. 
However, large areas of the reservation are not included; 
hence, generalization is not permissible for all areas on the 
reservation. 
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The excretion of ascorbic acid in the stool has been the sub- 
ject of few investigations. Studies by Chinn and Farmer 
(’39) revealed an average excretion of 4.9 mg of ascorbic acid 
daily in young normal adults ; similar values were reported 
by Martin (’41). Large variations in the intake of ascorbic 
acid were found to atfect the fecal excretion only slightly. 

No studies have as yet been reported on the ascorbic acid 
excretion in the stool of elderly subjects. The present in- 
vestigation was undertaken vuth the purpose of providing 
such data through the determination of the ascorbic acid ex- 
cretion in the feces on an ordinary diet and following a daily 
intake of 200 mg of ascorbic acid in tablet form. 

MATERIAL AXD METHODS 

The subjects included in the investigation were elderly men, 
who were inmates of the St. Louis Chronic Hospital. Out of 
a larger group of individuals 13 were selected, who wore re- 
liable and cooperative and who did not suffer from gastro- 
intestinal disease. Tlie ages of the men ranged between 6.5 
and 90 with a moan of 76 yeai's. 

The ascorbic acid intake and its excretion in the stool were 
first studied during a one-week period, in which the individuals 
received the ordinary diet of the institution. The food re- 
jected i)y each subject was collected, and determinations were 

* ^ it.ninin Stu(br.«» in nnd OM Individuals XIII. Fijnd<t providcnl br 

HofTmann-Ln Kfvcho, Inc., Xiitb’v, .Tcr<«'v, 
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families in llio survey; discussions were held with informants 
(Navajo personnel, teachers, mission workers, traders, mer- 
chants, agricultural and home demonstration workers. Public 
Health personnel, museum personnel, and so on), and observa- 
tions made in some of the hogans, at ceremonials, and at 
various gatherings (sheep dipping, rodeos, and other ex- 
hibitions). 

Formerly the Navajo subsisted chiefly on corn, wild game, 
mutton or goat meat (after the introduction of sheep and 
goats by the Spaniards), and a large variety of wild plants. 
Small patches of beans, squashes, and melons constituted 
the gardens. The usual drink was water, a continually scarce 
commodity and one which today must often be hauled great 
distances in barrels. A variety of native herbs were used 
to make occasional drinks. 

Much of the early uncultivated food has been given up. The 
tedious harvesting of grass seeds is seldom practiced, wild 
game is now scarce and displaced by mutton, goat, horse 
and some beef. Squashes, melons, pumpkins, and some beans 
and potatoes are grown for home consumption. Corn is 
widely grown, but as the staple item in the diet is largely 
replaced by wheat flour purchased from the trading post. 
Herb beverages have been displaced by cofl'ee, tea and soda 
pop. The extent of the break from the traditional and some 
of the influences responsible for the changes may be ap- 
preciated from the following observations. 

Food is obtained from trading posts, from neighbors or is 
produced at home. Quantitatively there is no large de- 
pendence on wild plants as sources of food. That such plants 
are still consumed both in the fresh and preserved state, how- 
ever, is evidenced by the fact that a member of the staff, Mrs. 
Pauline McKinley, procured examiiles of 20 such edible foods 
from one region. Very little wild game Avas reported as 
eaten, and that mentioned included only rabbits, prairie 
dogs, venison (a fcAV families only) and porcupine. Pigs and 
foAvl are most uncommon. The Avild foods Avere identified as 
folloAvs : 
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presented in table 1. In tbe table the daily ascorbic acid meas- 
urements have been added to obtain the total values for the 
7-day period on the ordinary diet, and for the 7-day period 
during which the diet was supplemented with 200 mg of as- 
corbic acid daily. 


TABLE 1 


The iniahe of ascorhic acid and its excretion in the stool of IS elderly men 



i 

CONTROL PERIOD 
i (7 days) 

1 

i 

administration of ascorbic 
ACID tablets 

(200 mg' daily for 7 days) 

6UB* 

JECT 

AGE ‘ 

ASCOR- 

BIC 

WT. 

or 

ASCORBIC 1 
ACID IN’ j 

STOOD 

' ASCOR- 
i BIC 

I ACID 

TOTAIi 

IN’TAKE 

or 

vrr. 

or 

ASCORBIC 
acid in 

STOOD 



j INTAKE 

STOOn 

Total 

100 

cm 

i 

FOOD 

ASCORBIC 

ACID 

STOOD 

Total 

100 

gm 


Vrs, 


am 

ma 

ma 

ma 

ma 

am. 

ma 

ma 

1 

G5 

G8 

881 

10.2 

1.2 

320 

1720 

760 

11.2 

1.5 

O 

G9 

278 

342 

6.8 

2.0 

420 

1820 

472 * 

19.3 

4,1 

3 

74 

225 

395 

10.4 

2.6 

382 

1782 

474 

15.7 

3.3 

4 

Go 

192 

7G5 

12.9 

1.7 

350 

1750 

590 

11.0 

1.9 

5 

86 

248 

423 

14.0 

3.3 

^22 

1622 

430 

12.7 

3.0 

6 

82 

241 

167 

10.4 

6.2 

280 

1680 

423 

17.7 

4.2 

7 

90 

243 

221 

G.6 

3.0 

309 

1709 

248 

7.6 

3.1 

8 

80 

193 

322 

3.2 

1.0 

260 

1660 

131 

5.9 

4,5 

9 

75 

279 

265 

5.5 

2.1 

364 

1764 

366 

4.2 

1.2 

ZO 

88 

308 

372 

4.5 

1.2 

350 

1750 

379 

7.2 

1.9 

11 

C9 

295 

329 

11.4 

3.5 

350 

1750 

474 

10.3 

o o 

12 

78 

292 

100 

1.6 

1.6 

272 

1672 

212 

3.3 

1.5 

13 

CG 

139 

8S1 

8.8 

1.0 

185 

15S5 

350 

8.4 

2.4 

Mean 

7G 

2.H 

420 

8.2 

B 

314 

1714 

40S 

10.3 

2.7 


It will be seen from tbe data in the table that an average of 
8.2 mg of ascorbic acid was excreted weekly in the stool on 
a moan ascorbic acid intake of 231 mg, and that the average 
weekly excretion was 10.3 mg when the ascorbic acid intake, 
as the result of supplementation with ascorbic acid tablets, 
was increased to 1714 mg. The mean ascorbic acid concentra- 
tion of the wet stool was 2.3mgfc on the unsupplementcd 
diet, and 2.7 mg % on the supplemented diet. 
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is used to remove the fruit from tlic cactus plant. The prickly thistles on the 
fruit arc removed by rolling in the prnss. They are oitlier eaten ns they conic 
from the plant or dried for later use. Only the pulp of the fruit is eaten, the 
seeds and outer skin beinp removed. It has u sweet flavor. 

SOVli BEJ^IUES (Chihehinhind), Tiiosc berries arc usually picked in late 
June or July. Sometimes they are eaten raw soon after picking. Some arc stone- 
ground into a j)aste and mixed with the calk-like white clay. The clay reduces 
the extremely sour taste of the berries. Occasionally this paste mixture is dried. 

WILV CWkIkAKTS ( 1:* 171 jUahi)^ This small mild flavored pulpy fruit is a 
deep orange- red in color and is ripe in July. It is eaten raw, sometimes dried. 

ORANGE EEinUES AND CLAY (hu.sh-cc^dan and f}U.sh). These berries 
arc used in the same way as sour berries arc. The clay is added to iinprovo 
the flavor. 

SALT IVEED (dt This plant is rarely used in modern times to 

season food. However, it is used now for the animals. It is found on the plains 
and in the valleys where the soil is very alkaline. The animals arc driven to the 
areas where the salt weed grows about once every three months and alloived 
to graze. 

irjLV SPIN AO! SEED (Cloh^lai-hLnnh), The plants bearing seeds are 
gathere<l in August, The seeds arc stone-ground into a fine meal. This meal 
is mixed with boiling water to make a mush and is eaten as a cereal. Sometimes 
it is also mixed with cornmeal to make mush. 

GRASS SEEDS Tlicsc seeds are used the same way as the wild 

spinach seed is used. 

DRIED CURRANTS AND CLAY (Ts}dj:ch-pJcsh). This is the dried form 
of currants. The berries arc stone- (matatc) ground, mixed with clay and, some- 
times, coarsely ground cornmeal and boiled until it forms a very thick paste. 
This paste as spread about an inch thick on a flat rock to dry in the sun. 
It is broken oft in small pieces after it is thoroughly dry for eating. 

WILD ONWXS (T' loh chin). The bulbs are small in size like that of the 
mariposa lily. They arc gathered in June or July and arc eaten ra^v or cooked 
with potatoes and in mutton stew. 

JUNIPER BERRIES (T^sUlzch). The berries arc picked in August or early 
September. Some arc eaten raw, others are toasted, stone-ground into a meal-like 
substance and mixed with the white clay. Some water is added to this batter. 
Cakes arc made, dried in sun on a flat rock and used ns needed. 

ACORNS (Tse’Vil-hVuah), These acorns grow in the timber areas on a 
tree which is commonly called the scrub oak. They are gathered in the fall soon 
after the flrst frost. They are roasted in either a bed of ashes or in a pan on 
top of the stove. They are stored in paper bags for use in winter. Occasional!} 
some of them arc stone-ground after roasting and mixed with cornmeal for 
making bread. 

PIN70N NUTS (Nccf^h-chce), They grow on the pinyon trees and are 
gathered in the fall when they mature. Some arc sold to the trading post and 
others are kept for home consumption. A few families report buying them 
occasionally at the store. 
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The chief components of edible fats in the United States 
are triglycerides of fatty acids having chain lengths of 4 to 
20 carbons. Although the predominant fatty acids in most 
fats contain 16 or IS carbon atoms, considerable amounts of 
shorter chain fatty acids are found in some fats. Thus, butter- 
fat may contain as much as 35% of fatty acids less than 16 
carbons in length. In recent years a neiv type of fat has been 
developed in -which one or two of the long-chain fatty acids 
of the glyceride molecule are replaced -ftdth acetic acid (Baur, 
’54a). Such glycerides have been referred to as acetin fats or 
aceto glycerides. 

The most striking effect of the introduction of the acetyl 
group into the glyceride molecule is the reduction in melting 
point. This effect permits the preparation of low melting fats 
and oils, or acetin fats, of a high degree of saturation and of 
a significantly increased resistance to oxidation. Acetin fats 
may replace normal triglycerides in any edible fat use. Thus, 
edible fat products including shortenings, margarines or 
spreads, salad oils and frying oils can be made from acetin 
fats and oils (Baur, ’54b: Feuge, ’55). 

The physical properties of tlie acetin fats are determined 
by the number of acetate residues incorporated info the mole- 
cule and the nature of tlie long-chain fatty acids. Since there 
is no standard nomenclature in this field we have selected 
the term monoacetin fat to refer to that fat in which one of 
the long-chain fatty acids of a conventional triglyceride is re- 
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drinks, especially in the 12-onnce and quart size bottles, are 
consumed in lai'ge amounts, particularly during the summer. 

Some seasonal pattern in grocery purchases is evident. 
There is an increased sale of rice, raisins, and soups in the 
winter, or milk in the spring and of fruits and soda pop in the 
summer. 

TABLE 10 

Frequency of inirchaac of food items in J7 grocery orders observed at random 
Ganado area, July, 1955 

'SO. or onorr.s 
INCLUDING THE FOOD 


Sliced bread 20 

Fresh fruit IS 

Canned fruit or juice 17 

Bologna, spiced ham, wieners 35 

Shortening 35 

Potatoes 34 

Pop 34 

Candy 3 3 

Co free 33 

Sugar 32 

Flour 11 

Crackers 11 

Cookies, donuts, jelly rolls, Boston cream pies 10 

Milk * 10 

Mutton 10 

Baking powder 8 

Plain salt 8 

French bread 7 

Canned vegetables 7 

Cabbage 0 

Canned meats or sardines G 

Bacon or salt pork 5 

Sweet rolls, coffee cake 5 

Ice cream 4 

Rice 3 

Iodized salt 3 

Chile peppers 3 

Tea 3 

Noodles, macaroni 2 

Koolaid 2 

Cheese 2 

Oatmeal 2 


Raisins, chewing gum, ketchup, potato chips, pancake mix, 
beef, waffle syrup, pinto beans, cocoa, onions, pork chops, 
soup, buns, each 


1 
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fruits or cereals. There is obviously le.ss variety among the 
foods produced in the Pinon area. 

FOOD FUKSKRVATIOX AND .STOHAGI': 

Drying and salting continue as the most commonly used 
methods of food preservation. Home refrigeration is prac- 
tically imavailable. Poot cellai-s are in fairly common use, 
but the foods suitable to such storage ai’e I’estricted to the 
root crops, meloTis, and ])umplvi us. Bags or strings of dried 
foods and dried salted ineats vei’e commonly noted hanging 
from the rafters of the hogan. 

TABI.E n 

Home production of food^ hp familirii in Gonad o area and 
7C7 famdirs in Vi non arm 

NO. or rAjiri/ii:.*? rnODuriNo Tin: food 



Onnndo 

Pinnn 

Corn 

21 G 

320 

Beans 

132 

♦12 

Squash ‘ 

125 

80 

Pumpkin * 

33 

SO 

WattTiuelon 

00 

01 

Other melons 

35 

38 

Potatoes 

28 

13 

Carrots 

12 

3 

Peacdies 

12 

1 

Otiier vepotablcs or fruits 

s 



* Pumpkin and squash not always clearly distinfjuishcd by jii formant. 

■ Xo other vefjctable or fruit raised by more than 7 families at Gnnado and one 
family at Pinon. 

COOKING PRACTICES 

Hogans usually contain Avood-burning stoves Avith ovens. 
Camp-fire cooking is popular, especially in the summer. Foods 
may be baked over coals, in coals, on the surface of the 
ground, in the ground, in a range oven, or in a separate “bee- 
hive” type of bread oven. Boasting is carried out over coals 
or in an ovei7. Frying or boiliiag is done on stoves or over 
camp-fires. Cooking equipment usually consists of a grate 
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domly among groups within each experiment as to body weight 
and litter. Animals were housed individually in cages. Gains 
in body weight and food consumption were recorded on a 
weekly basis. 

In some instances the coefficient of utilization of the dietary 
fat was determined by analyzing feces collected during the 
5th and 6th week of the experiment for their total lipide con- 
tent. The feces were dried, ground in a Wdey mill so as to 
pass a 60 mesh screen, saponified witli alcoholic KOH, acidi- 
fied, and extracted with petroleum ether. Since this procedure 
is likely to result in a loss of volatile fatty acids, several 
samples of the feces of the animals fed the acetin fats were 
analyzed separately for their acetic acid content. Only a 
trace was found. Thus, measurement of the egested long-chain 
fatty acids alone will give the true value for the coefficient of 
utilization of an acetin fat. 

Hfixere applicable, the data were analyzed statistically by 
an analysis of variance, ilinimum significant differences 
were determined by the method of Tulcey (’52). A confidence 
level of 0.05 was used in all such treatments. 

RESULTS AXD DISCUSSIOX 

The performance of the animals fed diets containing 25% of 
an acetin fat prepared from either partially or completely hy- 
drogenated vegetable oil and the corresponding controls is 
given in series 1 of table 3. It ivill be noted that the gain in 
body weight of the animals fed an acetin fat is the same as 
that of animals fed a conventional triglyceride of the same 
long-chain fatty acid composition. The growth of the ani- 
mals fed the fats containing only saturated fatty acids is in- 
ferior to that of animals fed partially hydrogenated fats. 
This response is in part explained by the lower coefficients 
of utilization of the completely hydrogenated fats. Wlien ac- 
count is taken of the portion of the fat in the diet which is not 
absorbed, the performance of all 4 dietary groups is in much 
better agreement as shown by the values for absorbed caloric 
efficiency. 



28 


WIIXIAM J. DAUBY AXD OTHERS 


lunches include soft drinks, sweet rolls, Boston cream pics, 
cookies, bologna, candj' bars, ice cream, and fruits and melons 
in season. At ceremonials, rodeos, sheep dippings, and similar 
gatherings meals are cooked camp-style and consist of mutton, 
roasted corn, tortillas or bakers’ bread and cotTee. 

TABLE 12 



lUustvniivc basic 

meal patterns of the Navajo 



Tirn FAMILV 
or KAN'S * 

MODKIIATKIiV WnLn*T0 t)0 
FAMILY * 

in'DIgkn’t family 

Breakfast — 

Mutton usually, 
or fried 
potatoes 

Fried potatoes or oatmeal 
or other cereal 

Fried potatoes 
with onions 


Oatmeal with 
evap. milk 
and sugar 

Tortillas 

Indian biscuit or fried bread 

Coffee with evap. milk and 
sugar, or tea with sugar 

Tortillas 

Coffee with 
sugar 


Coffee with 
evap. milk and 
sugar 



N'oon meal — 

Stew with 
mutton, 
potatoes, 
onions and 
Chile 

Roast mutton or stew 

Bread or tortillas 

Coffee with evap. milk and 
sugar 

Boiled potatoes 

Tortillas 

Coffee with 
sugar 


Tortillas or 
fried bread 
or Indian 
biscuit 




Coffee with 
evap. milk 
and sugar 



Evening meal 

— Same as noon 

Same as noon 

potatoes or 
tortillas 




Coffee with 
sugar 


‘ Families ■n’itli herds include goat or sheep milk or both in their diets when it is 


available. 
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The coefficients of utilization of the completely hydro- 
genated fats are of particular interest. The value obtained 
for the conventional triglycei'ide is of the order of magnitude 
that would be expected for this fat, since it is essentially 
all ti-istearin (Cheng et ah, 49). The replacement in the tri- 
glycei’ide molecule of a portion of the stearic acid ivith acetic 
acid results in a marked increase in the amount of stearic 
acid that is absorbed. This high coefficient of utilization of 
stearic acid is of interest in the question as to whether the 
stearic acid content or the melting point of a fat determines 
its coefficient of utilization. The I.V. 1 fat which consists of 
about 92% stearic acid has a melting point of approximately 
69°C., while the I.V. 1 diacetin fat has a melting point of 
33°C. and a stearic acid content of about 62%. If the coeffi- 
cient of utilization is a function of stearic acid content, not 
more than 40% of the I.V. 1 diacetin fat should have been 
absorbed. The high coefficient of utilization obtained with this 
fat indicates the melting point of a fat to be of moi’e impor- 
tance than the stearic acid content in determining its coefficient 
of utilization. However, a number of other factors, be- 
sides melting point and stearic acid content, probably play 
important roles in determining the extent to which a fat is 
digested and absorbed. 

Tlie results obtained when the I.V. SO diacetin fat was fed 
at a 50% level are given in series 2 of table 3. The perfoi’m- 
ancc of the three groups of animals was essentially the same 
for all categories. The presence of ethyl cellulose in the diet 
did not change the growth and food consumption patterns of 
the animals as shown by the pair of groups fed the I.V. SO 
fat. In this series, where the fats were fed at a level of 50%, 
a greater range in the coefficients of utilization was encoun- 
tered and hence the ratiier large difTerences amonar groups 
are not significantly different. For the purposes of this ex- 
periment. the results obtained show that animals fed a diet 
containing 00% of an I.V. 60 diacetin fat grow ns well as those 
fed the correspondijig conventional triglyceride. 
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Tile frequency of reported consumption of foods was tabu- 
lated for 336 families from the Ganado area and for 167 
families in the Pinon area. The interviews for the former 
group included 596 individuals; for the latter 543 persons. 
These tabulations are presented in table 13. 

These consumption frequencies again demonstrate the basic 
character of the dietary : breads, cereals, fats, potatoes, meats, 
sweets and beverages. Evaporated milk is the type most 
often used, and its regular appearance in an appreciable 
percentage of the diets reflects the use of a])preciable quanti- 
ties of coffee. 

Since bread and meat occupy such key positions in the 
diet, they deserve special mention. Corn is no longer the 
dominant cereal of the diet. White, yellow, blue or red corn 
may be eaten. Bread may be prepared from dried corn or 
from fresh or green corn. The latter is employed in making 
“kneel down bread.” Blue corn bread, blue corn mush, and 
blue corn soup are usually prepared with the addition of 
cedar ashes to the ground corn at the time of preparation. 
Corn, because of its religious significance, continues to be used 
in the preparation of ceremonial cake. 

Tortillas (see frontispiece) arc thin, round cakes, 5 to 9 
inches in diameter, made of wheat flour, wafer, shortening 
and small amounts of baking powder. They are either baked 
on an iron griddle or grilled over hot coals and are distin- 
guished from fried bread which is cooked in hot fat in much 
the same way ns a doughnut. 

Mutton is the usual meat. This term may be applied to 
either sheep or goat meat. Indeed, flocks are often mixed, 
containing both sheep and goats. Eelatively few families have 
cattle and the larger size and lack of facilities for refrigeration 
make cattle less convenient for home slaughtering than smaller 
animals. 

When a sheep or goat is slaughtered the blood is retained 
for the preparation of blood sausage. The animal is skinned 
and the viscera removed and rapidly cleaned. After cleaning, 
the intestines are wrapped around strips of fat, broiled and 



rEEDIXG STUDIES OX ACETIX FATS 


285 


LITEBATUEE CITED 

Baub, F. J. 1954a Acetin fats. L Products made from mixed acetin fats. J. 
Am. Oil Ciiemists’ Soc., 31: 147. 

1954b Acetin fats. II. Preparation and properties of diacetin fats 

from some common vegetable oils. Ibid.^ 31: 196. 

Chexg, a. L. S., G. Mobkhouse akd H. J. Deuel^ Jr. 1949 The effect of the 
level of dietarr calcium and magnesium on the digestibilitr of fattr 
acids, simple triglycerides, and some natural and hydrogenated fats. 
J. Kutrition, 37: 237. 

Feuge, E. 0. 1955 Acetoglycerides — Xew fat products of potential value to 
the food industry’. Food Technology, 9: 314. 

Hubbele, E. B., L. B. ^lExnEL ak» A. J. WAKEiiAK^ 1937 A new salt mixture 
for use in experimental diets. J. Xutrition, 14: 273. 

Teket, j. W. 1952 yietbod described by H, Scheffe. J. Am. Stat, Assn., 47 : 381. 



32 


WILT.IAM J. DAnnY AXD OTHERS 


advised to drink broth to produce milk, and that blue corn 
gruel is an especially appropriate food to include in the 
diet from the onset of labor until the end of lactation. This 
gruel is often advised during illness and is reputed to be a 
traditional source of strength. Indeed, the association of 
blue corn gruel with lactation is so strong that an inquiry as 
to the frequency of eating blue corn mush often evokes a smile 
or chuckle. 

Bailey ( ’40) records that for several days following delivery 
restrictions are passed on the mother against eating meat, 
potatoes, beans and bread containing either salt or baking 
powder in the belief that this prevents recurrence of labor 
pains and aids in the healing of the baby’s cord. 

Infants arc breast fed unless for some very pertinent 
reason it is impossible to do so successfully. Such instances 
seem rare. AA’’here the mother cannot breast-feed the infant a 
member of the family may wet-nurse the child. The common 
basic artiticial food for the infant is evaporated milk which 
is poured from the can into the bottle and to Avhich an un- 
measured amount of water is added. Nursing bottles are 
seldom sterilized but may be rinsed with a small amount of 
water just prior to mixing a new batcli of formula. Boiled 
goat’s milk is sometimes given and may be fed to the young 
infant from a spoon. In the absence of any milk, finely 
ground white corn may be mixed with water and fed. This 
practice appears to be uncommon, however. 

Adult foods are added as supplements from 4 to 7 months 
of age without any particular pattern. Broth from mutton 
stew, potato mashed between the thumb and finger, and mush 
are commonly given. Coffee is frequently given and may be 
offered to child as early as 4 months. It is not an infrequent 
sight to observe an infant taking coffee from a nursing bottle. 
Members of the family are seen generously sharing their 
bottle of soft drink with the infant. 

Milk of some sort, however, remains the basic item of the 
diet until more than a year of age. Indeed, children may he 
put to the breast until two or two and a half years of age. 
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This report deals with the natural resistance of the labora- 
tory rat to spontaneous and inoculated infection by a coryne- 
bacterium (strain 197) not ordinarily pathogenic for this 
species. 

Pi'ovious reports have shown that young pantothenate-defi- 
cient rats spontaneovisly develop the infection (Zucker and 
Zuckei*, ’54). The coryne1)acterium isolated from lesions of 
such animals reproduces the disease when inoculated into 
other pantothenate-deficient rats, but does not do so in I’ats 
on a complete diet, either purified or made up of natural 
foodstuffs (Seronde, ’54). Susceptibility increases steadily 
with time on the deficient diet over a period of 10 to 40 
day.‘< (Seronde el al., ’55). Susceptibility can be induced after 
a longer period on a partial pantothenate deficiency which 
allows continued growth (Zucker et ah, ’55). 

Kratofiillv ackno\vlo<lpi’ .nsfiff.nncc from tiio Kniionnl Vitamin Foumlation. 
n..frm:itm-I,anoc)m. Inc. ami Ilea Aero F.arm. Stow. Ma5<. 





Distrihuiioji of popuJation sample hy examiner, location, sex and age 
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In tlie whole study, only one indisputable case of a frank 
vitamin deficiency disease was encountered. This was a case 
of mild pellagra in an elderly woman who lived alone and 
adhered to bizarre dietary habits. Otherwise the sample was 

TADBE 15 

Medical history daxn 
Xavajo study 1955 


fJANADO riNON* 



*Vo. 

Vr 

,Vo. 

Vc 

Total entered in study 

G-15 


GOl 


Total with medical history 

28S 


595 


Easy bruising or dermatitis 

51 

17.7 

1C7 

28.1 

Burning of eyes 

02 

21.5 

174 

29.2 

Photophobia 

09 

34.4 

2G0 

43.7 

Excess lacrimation 

93 

32.3 

247 

41.5 

Visual fatigue with blurring of vision 

107 

37.2 

258 

43.4 

Sand, snow and niglit blindness 

95 

33.0 

287 

4S.2 

Burning, painful, tongue 

12 

4.2 

34 

5.7 

Cracked lips 

12 

4.2 

106 

17.8 

Angular fissures of mouth 

G 

2.1 

91 

15.3 

Bleeding gums 

20 

C.9 

1G3 

27.4 

Chronic cough 

10 

3.5 

21 

3.5 

Exertional dys]>noa 

40 

13.9 

107 

18.0 

Palpitation 

28 

9.7 

104 

17.5 

Prccordial pain 

37 

12.8 

73 

12.3 

Dependent edema 

27 

9,4 

45 

7.0 

Anorexia 

19 

G.G 

72 

12.1 

Indigestion 

38 

13.2 

58 

9.7 

Chronic diarrhea, 





hemorrhoids with bleeding 

18 

G.2 

71 

11.9 

Numbness and tingling of extremities 

48 

1G.7 

120 

20.2 

Syncope and dizziness 

41 

14.2 

169 

2S.4 

Burning feet 

32 

13.1 

80 

13.4 

Beg cramps 

59 

20.5 

149 

25.0 

Nervousness and irritability 

G5 

22.G 

178 

30.0 

A. Eye tests 

C33 


578 


B. Either eye under 20/30 vision 

190 

30.0 

141 

24.4 


free of classical deficiency diseases. This is in keeping with 
the recorded diagnosis of deficiency diseases found in the 
analysis of 60,000 admissions to hospitals on the Navajo 
Reservations (Salsbury, ’55) and the clinical experience of 
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Martindale (’Si), reported enlarged Iddners and hearts in 
pyridosine-deficient rats. Our present data support and 
extend these findings and will be reported elsewhere in 
detail. 

Partial iluamhie deficiency. As in pyridoxine deficiency, 
and in contrast to the pantothenate-deficient rats, this group 
showed marked outward signs of physical deterioration. The 
animals began losmg weight rapidly about three weeks after 
being placed on their diet. During the final week they showed 
muscular incoordmation and lowering of body tempera- 
ture. Autopsy showed marked muscle wasting. Again, no 
cases of corynebacterium disease were encountered, although 
the lungs frequently were partially atalectatic, with varying 
degrees of edema and occasional local hemorrhages. It is 
possible that these changes are attributable in part to the 
marked collapse of the thoracic cage and atrophy of muscles 
of respiration found in the thiamine-deficient rats. At any 
rate, these changes bore no resemblance whatever to coryne- 
bacterium infection. 

view of cardiac changes in beri-heri, and since we noted 
marked cardiac hypertrophy in pyridoxine deficiency, it is of 
interest that there was no difference in heart weight between 
thiamine-deficient rats and calorie controls (pair weighed). 

BESULTS: IXOCm.ATIOX EXPEREMEXTS 

While the observation stands, that in our experience only in 
pantothenate deficiency do we see spontaneous corynebac- 
torium disease, inquiry into the mechanism of this phenomenon 
is obviously a fundamental and long term pro.ieet. Meanwhile 
pertinent information ha.« been derived from studies of ar- 
tificially-produced infections where the primary barrier of 
the animal has been bypassed. We choose the intraperitoneal 
route for its convenience and apparent simplicity. 

The results of the inoculation experiments are summarized 
m table .3. Severity of infection has been expressed on an ar- 
bitrary scale which we offer as an approximate solution to 
this conqilex problem. Values were arrived at by enumerat- 
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physicians at the Sage J^temorial Hospital, Ganaclo, Arizona. 
Among the 60,000 records examined nutrilional diseases ■were 
recorded as follows: pellagra, 10; scurvy, 2; beriberi, 2; 
rickets, 1; and “malnnlrilion,” 97, 

Among the so-called “subclinical signs” of nutritional 
deficiency disease, tliere ■were variations in the frequency with 
wliich they wei'c recoi’ded by individual examiners. Some 
group differences Avere associated Avith location, age, sex, 
and Avhcther pregnant or non-pregnant. The multiplicity of 
those factors complicates the interpretation of the findings. 



AGE IN YEARS 
Fig. 3 Height versus ngc. 


The correlation belAveen these findings and laboratory data 
is helpful in some instances; in others, the interrelationship is 
iudecish^e. 

Among the 1195 subjects (excluding the 51 pregnant Avomen) 
AA’bo Avere examined at Ganado and Pinon, the pattern of 
average heights by age groups is shoAvn in figure 3. The 
patterns for males and females in either location parallel 
each other and reveal no significant differences from 5 through 
15 j^ars. Above that age, as expected, a sex difference 
becomes apparent. The female reaches maximum height by 
the age of 17 years, and subsequently has a mean height of 
betAveen 61 and 62 inches. The male reaches maximum height 
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‘ KiKUfo.H aro uutuluTti of ri\!s^ position of tUo n|»\uoft moving to tho right across tho table represents increasing sovority of 
infi'otiort. 



Average height and weight of 'Navajo Indians f hg age and sex, compared io Canadian 1953 survey 
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anisms normally operative tliere are found to be dependent 
to some extent upon adequate dietary pyridoxine and thiamine. 

The complexity of the entire problem is multiplied by the 
probability that conditions will vaiy from one host species to 
the next. Mox'eover, that no two potential invading organisms 
need be affected in the same way is exemplified by our find- 
ings: of air the saprophytes inhabiting the rat as potential 
invaders (Nelson, ’30), only one has so far been observed 
to take regular advantage of pantothenate deficiency. Our 
data on strain differences, illustrated in the last two lines 
of table 3, show that the importance of a given nutrient in 
natural resistance vaiues even ■nuthin a single species. Imp- 
lications of such metabolic individualism may offer an un- 
welcome challenge to the simpler concept of a blanket 
“minimum daily requirement” for every known food factor. 


SOIIIAEY 

A corynebacterimn which produces spontaneous disease 
in young pantothenate-deficient rats failed to do so in similar 
animals deficient in either pyridoxine or thiamine, or in an- 
imals whose calorie intake was severely restricted. The disease 
does not appear in healthy rats on a complete diet. 

Injected into animals on these various regimens, this or- 
ganism caused fatal infection in all pantothenate-deficient 
rats of one strain, and in a relatively small pei'centage of 
pyridoxine- and thiamine-deficient rats. Another strain of 
rats on pantothenate deficiency proved more resistant. The 
complete diet, even when restricted in anmunt, protected the 
inoculated animal against serious infection. 
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^ lOrj] Renal lesions in pvritloxin -deficient rats, J. Path. Bnct €S* 

AxriJion, A. K, 12r>3 Role of the vitamin? in antihodv proilnction. MetnboHcni 
1 , 



44 


WlLl.TATkl .7. CAnnV AXD OTlTKns 


years of age. TJiis relationship is such that there occurs an in- 
crease in concentration with increasing “per cent of standard 
weight” (table 18). This is similar to observations in preg- 
nant women (Darby, ’56). 

Skin-fold measurements were performed, primarily at 
Pinon, on persons over the age of 15 years (except pregnant 
females). Three body areas were chosen; (1) skin over the 
posterior lateral aspect of the mid-upper arm, (2) the upper 
outer quadrant of the chest, and (3) either the right or left 
upper quadrant of the abdomen. These locations and the 
calipers used were in keeping with the studies of the Array 

TADLK 18 

** Per cent of standard weight** of adult vialc and female subjects 

versus 

Hemoglobin conccniraiion 
Xavajo Ktudy 1955 

(Ganado and Pinon combined — excluding 51 pregnant women) 


SUnjKCTS 

rnr. ck-vt op standap.d wrmirT 

Total 

< 90.0 

90-109 

^ 110.0 

^falcs 15-44 yra. 
Males 454 - years. 

15.8G db 0.15 
15.40 ± O.IG 

Hcnioclobin levels (pm/100 ml) 

16.00 ± 0.12 16.41 rt 0.24 

16.34 ± 0.16 16.75 ± 0.20 

10.06 ± 0.00 
15.92 ± 0.11 

Pemalcs 15-44 yrs. 
Females 454- yrs. 

14.27 ± O.IS 
14,42 d: 0,14 

14.01 ± 0.13 
14.84 ± 0.11 

14.24 ± 0.10 
15.28 ± 0.22 

14.14 ± 0.09 
14.73 ± O.OS 


Medical Nutidtion Laboratoiy (Best, ’53). Despite examiner 
variation (table 19) in the absolute measurements, particu- 
larly at the arm site, the skin-fold thickness increased with 
“per cent standard weight” (table 19). Any effort to inter- 
pret further the significance of such skin-fold measurements 
is sharply limited by the absence of information on the m- 
fiuence of body configuration of various racial groups on the 
skin thickness measures, body composition, and their cor- 
relative significance. 

Table 20 summarizes the physical findings of the sample of 
1246 individuals, including the 51 pregnant and 117 lactatmg 
women. 


ANTIBODY FOBJvIATION AND NATHRAD 
RESISTANCE IN NUTRITIONAL 
DEFICIENGIES " 

THEODOKB P. ZUCKEK AND LOIS il. ZTJCKEE 
Department of Dathology, Columbia Vniversity, 2\eio For?:, F, 

JOSEPH SEKONDE, JK, 

Laboratory of Comparative JPatliologyf Jfa^nar^, V^ass*, and 
Department of Dathologyj Boston University School 
of Medicine j Boston, ^ass. 

(Received for publication January 7, 1956) 


Pyridosine deficiency lias been sboivn by Stoerk and Eisen 
(’46) and by Axelrod and coworkers (’47) to lead to loss 
of tbe ability to form antibodies (bemagglutinins). In a 
similar system Axelrod (’53) has studied the effect of other 
deficiencies. Agnew (’49) confirmed the pyridosine findings 
with a Idlled culture of B. typhosiim (S. typhi). Recently 
Pruzansl^y and Axelrod (’55) also studied the response to 
a bacterial antigen (diphtheria toxoid), and stated: “The 
utilization of this antigen would also relate our studies more 
closely to the effects of vitamin deficiencies on resistance to 
infection.” As has been stated (Zucker and Zucker, ’54), in 
such experiments each host species and particular kind of 
antigen must be considered separately. And indeed Pruzansky 
and Axelrod find notable differences in the effect of the same 
nutritional deficiencies in response to dipththeria toxoid as 
against the response to red cells. However, it appears that 
pyridoxine deficiency has the same striking effect with a Amr- 
iety of antigens: sheep red cells (Stoerk and Eisen, ’46; 
Stoerk, Eisen and John, ’47), human red cells (Axelrod et 

* Wo prntcfully fickuowlo«lj:c from the Nationnl Vitnmm FoanJa- 

tioa* noftmarm-T>n.Rochc lue., and RchI Acre Fn.nn, Inc., Stov*, Mns^s. 
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TABLE 20 


Physical findings among 1S4G subjects 
Nftvnjo study 3D55 




OANADO 

n.vox 

TOTAL 

riiYsicAu riJiniNOS — — 

No. 


No. 

re 

No. 

Apathetic 

34 

5.4 

14 

2.3 

48 

Seborrhea, nasolabial 

21 

3.3 

12 

2.0 

33 

Seborrhea, other 

o 

0.3 

5 

O.S 

7 

Erythema 

G 

0.9 

7 

1.2 

13 

Folliculosis 

0 

0.0 

3 

0.5 

3 

Staring hair 

1 

0.2 

20 

3.3 

21 

Skin 

Follicular keratosis 

Grade I and II 

71 

11.2 

C7 

31.1 

138 

Dryness and scaling 

lOG 

1G.7 

241 

40.1 

347 

Crackled skin 

34 

5,4 

SI 

13.5 

115 

Perifolliculosis 

0 

0.0 

n 

0.3 

2 

Acnciform eruption 

12 

1.0 

27 

4,5 

39 

Thick and pigmented 
pressure points 

GO 

10.4 

349 

5S.1 

415 

Purpura and petechia 

I 

0.2 

7 

1.2 

8 

Bluish-red, cold extremities 

o 

0.3 

0 

0.0 

O 

Pellagra form 

IS 

2.S 

35 

5.S 

53 


Eyes 


Thickened conjunctive 


Grade I 

179 

28.2 

230 

38.3 

409 

Grade II 

257 

40.5 

296 

49.3 

553 

Bitot's spots 

o 

0.3 

1 

0.2 

3 

Circumcorncal injection 

Cl 

9.G 

1G9 

28.1 

230 

Conjunctival injection 

199 

31.3 

442 

73.5 

641 

Blepharitis 

148 

23.3 

412 

G8.6 

560 

Lips and mouth 

Angular lesions and scars 

G2 

9.8 

129 

21.5 

191 

Cheilosis 

28 

4.4 

G5 

10.8 

93 

Pallor 

0 

0.0 

9 

1.5 

9 

Ulcers of mouth 

0 

0.0 

1 

0.2 

1 

Angular lesions and scars or 

cheilosis 

80 

12.6 

167 

27.8 

24 V 

Tongue 

Papillary atrophy 

69 

10.9 

94 

15.6 

163 

Papillary hypertrophy 

44 

6.9 

35 

5.8 

79 

n 

Patchy denuded areas 

0 

0.0 

0 

0.0 

U 

Magenta colored 

9 

1.4 

6 

1.0 

15 


AXXIBODIES AXD XATUBAL KESISTA:S'CE 


301 


(’55), and the same master enltnres were used. A single hatch 
of 4S-honr broth culture, killed hr the addition of 0.5% forma- 
lin and kept in the refrigerator, was used for all the vaccine 
and antigen preparations. On the days vaccine was required, 
the cells were centrifuged down, suspended in sterile saline, 
recentrifuged, and resuspended in sterile saline of sufficient 
volume to give a standard spectrophotometer reading at 700 
mp corresponding to 4.1 on the MacFarland scale (Kabat and 
Mayer, ’48). This is about three times the optical density of 
the original culture. 

Procedure. The animals were started on the various diets 
at three weeks of age, and caged individually in screen- 
bottom cages (4 in. mesh). Eats on the deficient diets were 
fed ad libitum, while those on a restricted intake of the com- 
plete diet received a measured amount of food daily. Each of 
these latter was pair-weighed to a vitamin-deficient Ettermate 
so as to match its course of growth. On the 30th, 32nd and 34th 
day of the experiment vaccine was given intraperitoneally. 
For the pantothenate- and pyridoxine-deficient groups and 
their controls the dosage schedule was 4, 1 and 1ml: for the 
thiamine-deficient group and its controls it was 4 ml each time. 
After 39 days on experiment, 5 days after the last vaccine 
infection, blood was collected from the tail. 

Agghdinaiion. The seimm was separated (usually without 
centrifuging) after standing overnight in the refrigerator. 
Serum dilutions were used only on the day they were made, 
but determinations starting out with undiluted serum were 
carried out over a period of up to a week after collection. 
Serial dilutions were made in the usual way with a twofold 
dilution at each step. The final solution volume was 0.4 ml 
(0.2 ml of serum dilution, 0.2 ml of antigen suspension) in 
10x75 mm tubes. Because of the considerable volumetric 
error involved in operations on this small scale, no more than 
4 successive serial dilutions were employed for the final 
reading. 

Tlie antigen suspension to be added to the serum dilutions 
was prepared just like the vaccine, except that the saline 



TABLE 21 

Per cent occurrence of selected iihj/sical findings hg age, seXy location 
(Pregnant and lac.tating women excluded) 

Navajo study 1955 
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TABLE 1 

The normal agglniinin response: effect of dose 


AGGI.imXIX TITEE 



< 1 1 

2 

4 8 16 32 

64 128 

256 




Natnher of rats 



Vaccine 

3 X 1-0 ml 



2 

1 

per 

100 gm 
rat’ 

3 X 0.45 ml 

3 X 0.15 ml 


1 

1 1 

3 


Xone 6 9 

3 

1 




’ Stock rats aged 6 to 8 weeks, weighing 100 to 200 gin. 


TABLE 2 

Agglniinin response in deficiency of pyridoxine end pantothenic acid 




AGCLTrriKIK TITEE 

< 1 

1 

2 4 8 16 32 64 128 256 

Calory deficient’ 


Nnrober of rats 

117 4 

Pantothenate deficient 7 

2 

1 1 3 

Pyridoxine deficient 7 

3 



^Palr-wcighed to pantothenate-deficient rats. 

Vaccine: 0.5, 1 and 1 ml. Body weight 90 to 105 gm for pantothenate-deficient 
rats, GO to 75 gm for prridoxinc-dcficient rats. 


TABLE 3 

Agglutinin response in deficiency of thiamine 


ACGtrrijriK’ rirm 

*32 ^ 

Number of rats 

Calory deficient * 14 

Thiamine deficient 

(partial)’ 3 2 

' Pair-weighed to thiamino'dcficient rats. 

*0.04 mg thiamine hydrochloride per 100 gm diet. This allows survival times 
comparable to these on the other two deficiencies. These thiamine-deficient rats 
are lo'^ing eight during the vneei nation period ^sec Seronde et ril., ’50 for 
typical growth curve). ' 

^ accinc; 0,5, 0.5 and 0.5 ml Body weight 100 to 115 pn at time of first injection. 
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indicate extensive evidence of a B-complex deficiency state, 
and tlie levels of blood hemoglobin were adequate. 

Teeth. Dental care and therapy are limited among the 
population. As a result, one could anticipate considerable 
gross dental pathologjL There was noted an unusual attri- 
tion of the teeth, jJarticularly in the older age group, and 
also a frequent occurrence of mal-jiosition and mal-dovelop- 
mont of the permanent teeth. E.vamination of the teeth 
(tables 20, 21) revealed two extreme patterns, namely, beauti- 
ful acarious ones or ramiiant caries. Unfortunately, the latter 
condition was more common, occurring in all age groups and 
in over 40% of jiersons past 45 years. There was no detec- 
table difference in amount of caries between Ganado and 
Pinon; however, adentia was more common at Ganado, and 
denial plates were absent at both locales. A few circumscribed 
areas were peculiarly low in caries; for example, a region 
about Low Mountain, Arizona (see map), was essentially 
caries-free. We did not investigate the possible role of fluoride 
in the water in this region. It is plausible, however, that a 
high fluoride water supply may have been responsible for 
the lowered prevalence of caries. 

Gums. Gingival lesions were the most prevalent stigmata 
observed in the study (tables 20, 21, 26). Marginal redness 
or swelling or both were more common for all ages at Pinon 
than at Ganado (70.2 vs. 14.3%), With increasing age, and 
particularly over 45 years, secondary changes, atrophy of 
papillae and recessions with debris became appreciable. Bleed- 
ing gums were not frequently observed, but when present 
were always associated with other evidence of gingivitis. 
Serum ascorbic acid levels were lower in subjects from the 
Pinon area than in those from Ganado. This finding, together 
with the higher incidence of gingival lesions, might suggest 
that vitamin C insullSciency was responsible. However, divi- 
sion of all cases with gingivitis by examiner and vitamin C 
level in the serum failed to reveal a positive correlation. It 
is apparent that poor oral hygiene and inadequate dental 
care are major factors responsible for tliis high prevalence 
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ness of these two groups to the natural infection; nor that 
it had much more effect upon the course of infection arti- 
ficially induced. Considering now young pantothenate de- 
ficient rats, it would appear most doubtful that the absence 
or reduction in agglutinin response was responsible for their 
unique susceptibility both to natural and artificially induced 
corynebacterimn disease. 

It may be suggested that the (partial) thiamine deficiency 
makes the animals subject to inoculated infection for other 
reasons than the deficiency per se. It is knoum that in ex- 
treme thiamine deficiency body temperature drops, and also 
that lowered body temperature may predispose to infection. 
However, at the time of inoculation these rats still had normal 
temperatures. Only towards the very end of their lives were 
low temperatures noted in our thiamine-deficient rats. But 
under these conditions of falling body temperature, the ani- 
mals in the spontaneous infection experiment showed no in- 
fection. 

It may also be objected that alteration of virulence of the 
organism may play a i-ole equal to that of lowered resistance 
of the host. In particular, pyridoxine or some metabolic pro- 
duct for which it is responsible might be a critical requirement 
for the growth or invasiveness of the organism. The low 
susceptibility of the pyridoxine-dcficient rats would then be 
no obstacle to the antibody hypothesis. However, we have 
found tliat rats on the pyridoxine-deficient diet for 40 days 
are much more susceptible to inoculation than after the stand- 
ard 30 days.'* Significant loss of virulence of the organisms 
due to the pyridoxine deficiency of the host therefore seems 
unlikely. 

Dubos states (Dubos, ’54, p. 115) : . it is plain that the 

microbial diseases for which there is no explanation whatever 
of immunity mechanisms far outnumber those whore suscep- 
tibility and resistance can be explained in terms of recognized 
immunological reactions — cellular or humoral.” The data 
of this report together with those of the preceding one (Ser- 

* Ziickrr, 
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Hypertensive** blood pressure levels according to **p€r cent of standard weight 

Navnjo study 1055 
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pantotlieiiic acid. Tfitli deficiencies of calories or tManiine, 
tliere is no significant reduction in ability to form agglutinins. 
No detectable agglutinins are formed in pyridoxine deficiency. 
In pantothenate deficiency, some animals lose tbeir ability to 
form agglutinins ■R'bile this capacity is impaired in others, 
resulting in a mean value between those for deficiencies of 
thiamine and pyridoxine. 

Ability to make agglutinins is entirely unrelated to the de- 
gree of resistance to the live organism sho-ini by rats on these 
various regimes. Therefore it is concluded that the resistance 
of the normal rat, which is lost in pantothenate deficiency, 
does not rest upon ability to form antibodies as typified by 
agglutinins. 
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per 100 ml). Of possible sigriificance (P = 0.05) is llie occur- 
rence of greater variabilit}^ in cholesterol level among the 
“hypertensives.” For all age and sex groups, levels of serum 
cholesterol were higher in individuals vhose weights ex- 
ceeded 110 of the standard. 

No significant relationship was found between pulse rates 
and body weight. The pulse rates were 6 to 7 per minute faster 
in women than in men, regardless of examiner. The pulse 
rates of the “hypertensive” group were faster than that of 
the “non-hypertensive” subjects (table 25). 


TABLE 23 


Pi/lsc vali/cSf 1/7/ blood pressure classt/tcalton by sex and age 


SUBJECTS 

BLOOD rr.ES.SUBE 

> 1*10/90 

BLOOD rnrs.sunE 
140/90 

BLOOD rnrssur.E 
UNK-VOWK 

totals 

Males, 

15—14 yrs. 

77,0±2.3 (S)‘ 

71.3HtO.S (134)' 

81.0±4.3 (9)' 

72.2±0.S (151)* 

^stales, 

45 yrs. -f 

7S.G±2.G (IS) 

70.8:1:0.8 (132) 

(0) 

73.7±0.S (150) 

Females, 

15-44 yrs. 

S5.0±:G.l (C) 

79.0±0.5 (321) 

94.0±G.C (4) 

79.3±0.G (331) 

Females, 

45 yrs. + 

81.5±2.0 (35) 

7G.4±0.S (158) 

(0) 

77.3±0.7 (193) 


'Numbers of subjects arc in parentheses. 


Facial liyperpigmentation. By the end of the initial two 
weeks of the study, a symmetrical bronzing pigmentation of 
the sldn, particularly over the malar region, was noted by 
some of the examiners. This resembled that observed m 
certain oriental groups. Whether these changes are indica- 
tive of any nutritional inadequacy is undecided; certainly, 
exposure to the wind, dry atmosphere, and direct and reflected 
sunlight may determine or influence the findings. The re- 
corded incidence of this finding varied so with observers 
(table 26) that any apparent age, sex, and locale variants 
are probably entirely artifacts. The observation that during 
the period of the study, adequately-fed Avhite children playing 
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Vitamin 0 has been measured in the serum of children in 
various geograpiiic areas of the United States (Moyer et al., 
'48 ; Clayton et al., ’53 *, Babcock et al., ’53 ; 'Williams et al., ’51 ; 
!Moschette et al., ’52 ; Storvick et al., ’51 ; Mack and 'Urbach, 
’48 ; Bessey and Lovry, ’47) . Serum concenti-ations of vitamin 
C considerably below those which indicate tissue saturation 
appear 'to be widespread. In controlled experiments, changes 
in intake of vitamin C are reflected rapidly by changes in 
the concentration of this nutrient in fasting blood samples. 
Less clear-cut, but significant, relationships between intakes 
and serum concentrations have been observed in the surveyed 
populations. 

Information about the nutritional status of Iowa school 
children with respect to vitamin C has been obtained by a 
survey carried out from 1949 to 1951. The present report is 
concerned with children from 6 to 18 years of age in Iowa. 
Data from the 9-, 10-, and ll-year-old children also will bo 
analyzed along with data from children of the same age group 
in Ohio and Kansas and will be published separately. 

* Contribution no. 76, Subproject 2, of the Xorth Ccntrnl Ref^ional Cooperative 
Troject XC-H, Xutrifionnl ftatvs and diciary needs of population fjroiipx^ in 
rooporntion xvUb the Human Xutrition Research Brnncb, Agricultural Re 5 earc|j 
Srrx’ico, Wabinpton, D, C. This manuscript is pu!>lisbe<l ns Journal p.npcr no. 
J of ilio Town ApjricuUural Experiment Station^ Ames, Project no. 1021. 
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outdoors with tlie Indian children at Pinon also developed 
similar pigmentation renders doubtful the nutritional signifi- 
cance in these lesions. Other evidence of any meaningful 
insufliciency of vitamins A and B-complex was lacking among 
the Navajo subjects. 

Parotid enlargement. In view of descriptions of enlarge- 
ment of the parotid glands and of the association of these 
changes with chronic malnutrition among people in the Far 
and jMiddle East (Sandstead et ah, ’55), the Navajo patients 
were screened for parotid enlargement. The examiners ob- 
\dously employed diiTerenl criteria for the classification and 
description of the glands, and two examiners accounted for 
91% of the cases at both Ganado and Pinon. This variant 
makes it impossible to dolermine ago and sex relationships. 
In an effort to appraise the possible value of this sign as a 
nutritional stigma, subjects with “parotid enlargement” were 
compared with those for which no enlargement was recorded. 
These comparisons included “ per cent of standard weight,” 
concentration of total serum protein, and other physical signs 
of possible nutritional significance. Among the adult groups 
(15 years of age and older) the recording of positive findings 
increased with “per cent of standard weight” of the patient, 
and this increase was particularly apparent when the weight 
exceeded 110% of standard. In this study we arc unable to 
relate enlargement of the parotid gland to evidence of nutri- 
tional inadequacies (physical signs, hemoglobin or total serum 
protein concentration). Further evaluation of this sign is 
obviously required before validating it as indicative of mal- 
nutrition. 

Pregnancy and lactation. Of the women 19 to 44 years of 
age, 51 were pregnant and 117 were lactating at the time of 
examination. The pregnant women were distributed as fol- 
lows: Ganado, 29; Pinon, 22; first tidmester, 5; second tri- 
mester, 20; third trimester, 26. No subject under 19 years 
of age was or had been pregnant; the oldest pregnant woman 
examined was 44 years. This age range of reproduction com- 
menced later than had been anticipated. 
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iudicating a general decline in sernm concentration of vitamin 
C with age (see below). 

The mean intakes of vitamin C (table 1) remained the same 
or increased slightly with increasing age. Deviation of mean 
intakes have been reported by Eppright and others ( ’54b). It 

TABLE 1 

Average daily intal:es and serum conceniraiions of vitamin C of Iowa children 
sampled from 44 schools in 1949-1951 


AGE 


MEAN 


MANXMU3I 


STANPARD 

DEVIATION 


JCKAN 

INTAKE 


yrs. 


my/iOO ml 

rtxy/lOO ml 

mg f 100 mZ 

mg f 100 ml 

mg/dag 




BOYS 




6 

21 

0.30 

0.91 

2.18 

0.57 

78 

7 

26 

0.16 

0.83 

1.79 

0.46 

62 (25y 

8 

37 

0.15 

0,86 

2.00 

0.51 

74 

9 

35 

0.15 

1.07 

1.85 

0,57 

80 

10 

32 

0.14 

0.80 

1.74 

0.43 

74 

11 

24 

0.33 

0.88 

1.87 

0.48 

82 

12 

64 

0.22 

0.72 

1.74 

0.39 

87 (62) 

13 

27 

0.15 

0.70 

1.81 

0.50 

91 

14 

17 

0.15 

0.56 

1.60 

0.35 

89 (16) 

15 

14 

0.19 

0.50 

0.88 

0.22 

86 

16 

15 

0.15 

0.56 

1.19 

0.35 

115 (14) 

17 

7 

0.21 

0.60 

1.94 

0.32 

78 (6) 

18 

10 

0.13 

0.47 

1.34 

0.42 

91 (12) 

Ail i>ovs 

329 


0.78 



82 (325) 




GIRLS 




c 

24 

0.19 

0.96 

1.87 

0.53 

66 

7 

31 

0.26 

1.05 

2.10 

0A9 

71 

8 

25 

0.20 

0.94 

2.50 

0.61 

79 (24) 

9 

37 

0,14 

0.94 

2.47 

0.5S 

82 

10 

28 

0.2S 

1.00 

1.92 

0.5S 

87 

n 

34 

0.23 

0.70 

1.64 

0.35 

73 (33) 

12 

62 

0,10 

0.73 

2.29 

0.44 

86 (58) 

13 

25 

0.12 

0.4D 

1.27 

0.31 

69 

M 

13 

0.09 

0.5S 

1.69 

0.46 

80 

15 

15 

0.12 

0.47 

1.25 

0.29 

85 

16 

15 

0.16 

0.67 

1.62 

0.50 

78 

17 

10 

0.22 

1.01 

1.95 

0.02 

76 

IS 

7 

0.27 

1.00 

1.69 

0.56 

94 

All pirls 

326 


O.Sl 



79 (320) 


* Xumbors jn parentheses indicate difTereticc in the mimber of dictarv records 
n\ailaMe as compared to number of serum vitamin C determinations. 
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per kilogram of body ^veigbt in order to make some adjustment 
for diSerences in body size. Decreasing mean intakes per kilo- 
gram body rreigbt and decreasing mean concentrations of 
vitamin C in the blood serum both accompanies increasing 
age (fig. 1) . The vitamin C concentrations in the serum of girls 
older than 14 years of age were an exception to this generaliza- 



Fip. 1 CliivnKos iw moan intakes and moan scrum concentrations of vitamin C 
nitli ago for lowrj. children sampled from 44 schools in 1949-1951 and for \rhom 
both scrum values and dietary records were available. 


lion and tbey have been handled separately in a subsequent 
analysis in this paper. The correlation coefficient (r) between 
intake per kilogram of body weight and serum concentration 
of vitamin C was 0.53 for boys and 0.47 for girls. ITlien total 
vitamin C intake per day and serum vitamin C were con- 
sidered, r equalled 0.39 for both boys and girls. Hence, the 
intake ])er kilogram of body weight was better than intake 
per day for predicting serum concentration of the nutrient. 
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Unclerweiglit among tlie Navajo is I'clativcly uncommon 
prior to 30 years of age. Above tliis age both males and 
females show an increasing percentage of individuals vho 
may be considered underweight — less than either 80 or 
90% of standard weight. This is in contrast to trends preva- 
lent among adult white populations in the United States 
and Canada (Pett, ’50). It may be worth speculation as to 
whether this may contribute to the observed low incidence 
of hypertension (blood pressure > 140 mm Tig systolic/90 
mm Ilg diastolic) found in the Navajo subjects. The greater 
height among the adult men and women in the Pinon area 
may reflect a true hereditary trait. 

The recorded changes in the skin, of dryness and scaling 
and hyperkeratotic lesions, are obviously influenced by the 
dry atmospheric conditions and by the working posture dur- 
ing weaving and food preparation. The satisfactory levels of 
vitamin A in the blood indicate that there is no widespread 
deficit of the nutrient which contributes to these skin changes. 
Both signs were more frequent among the Navajo than in the 
population of Newfoundland (Aykroyd et ah, ’49; Goldsmith 
et ah, ’50; Adamson et ah, ’45; Pett, ’50) but less frequent 
than among Otomi Indians in klexico (Anderson et ah, ’46a). 

Continual exposure to the elements — sun, wind, direct and 
reflected sunlight — no doubt contributes to the high per- 
centage of ocidar lesions. The residua of trachoma are in- 
cluded in the findings. These ocular changes were more 
common in the present survey than in Newfoundland, North 
Carolina, or Mexico. 

Gingival lesions were more frequent among this sample 
than has been noted in several other population groups (Ayk- 
royd et ah, ’49; Goldsmith et ah, ’50) except for the Otomi 
Indians. The latter had a remarkably high intake of ascorbic 
acid. In the present survey the examinees at Pinon had more 
gingivitis and their serum level and the dietary study indi- 
cated that they had vitamin C intakes lower than the subjects 
examined at Ganado. Prank scurvy was lacking in both loca- 
tions. Gross caries, poor oral hygiene and minimal dental 
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change in direction may not occur until about 17 years of age 
and tbe number of observations in this survey beyond that age 
was inadequate for analysis. 

Total dietary intakes were grouped into (1) those diets 
meeting all of the Allowances recommended by the jSTational 
Research Council (2) those having some nutrient less than 
100% of the Allowance but none less than 67%, and (3) those 

table 3 


Scrum and dietary ascorbic acid of Iowa survey children whose intaJ:€$ of nidrienis 
met dll the Kaiiondl Research Council allowances or were lading one-ihird 
of some single Tiufrienf 


Aor. 


GEOnX* I ^ 



GEorp n = 


No. 

Serum 

Intake 

No. 

Serum 

Intake 



mgflOO ml 

m^/dap 


myjZOO fnl 

mgfduy 




BOYS 




G,7,8 

33 

0.96 

90 

21 

0.62 

46 

9.10,11 

25 

1.07 

102 

25 

0.68 

52 

12,13,34 

19 

0.92 

137 

43 

0.60 

68 

15 ^ 

4 

0.90 

158 

15 

0.35 

61 




GIRLS 




G,7,S 

23 

1.22 

102 

IS 

0.81 

46 

P,w,n 

14 

0.94 

104 

29 

0.64 

57 

12,13,14 

9 

0.72 

116 

48 

0.56 

62 

1.5 + 

n 

0,56 

149 

33 

0.66 

77 


* Group I iucludos chlldrcu \vlio?c nutrient intake met or exceeded the National 
Kcsearch Council nlloivances and for whom serum vitamin C analvses were available. 

* Group 11 includes children whose nutrient intake lacked one-third of fomc 
sinplc nutrient when compared with the National Hesenreh Council allowances and 
for wfiom serum vitamin C analyses were available. 


lacking 331.^% of the Allowance for some single nutrient. In 
table 3, data for groups 1 and 3 are given. Group 3 was com- 
prised of children whose intakes of vitamin C were about 
onc-lialf that of group 1 ; at the same time, the serum level of 
vitamin C was reduced to two-thirds tliat of group 1. Calcium 
was the nutrient which most frequently caused the diets to be 
classitiod into group 3 (Rppvight et al.. ’.ola), and vitamin C 
was the second nutrient most apt to bo lacking. ITowever, 
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(4) Influence of pregnancy and lactation: Symptoms of 
visual fatigue, night blindness, bleeding gums, dependent 
edema and leg cramps were recorded and lesions of the mouth, 
gums, and dependent edema were observed more commonly 
among pregnant subjects than among either lactating or non- 
pregnant women of the same age group. Hypertensive levels 
of blood pressure were not more frequent, and no clinically 
diagnosable case of toxemia was found in either center. 

sibijiahy 

1. The nuti'itional status of 1236 Navajo individuals has 
been assessed by medical history and physical examination. 
The study group included men, women and children, with an 
age spread of 5 to 92 years. 

2. Frank deficiency diseases were essentially non-existent. 

3. Only in the assessment of ascorbic acid nutriture was 
there indication of widespread insufficiency. 

4. The observed minor physical changes appear to he 
largely a result of conditions local to the area, such as ex- 
posure to the elements in the semi-arid environment. 

5. The patterns of occurrence of the various findings are 
described. 
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SOIMAEY 

Data useful iu defining tlie nutritional status with respect 
to vitamin C have been obtained from about 650 boys and 
girls in Iowa towns and cities. Decreasing concentrations of 
vitamin C in the serum (except girls over 14 years of age) 
and decreasing intakes of vitamin C per kilogram body weight 
Avere associated with increasing age. From 15 years of age, 
the concentration of idtamin C in the blood serum of girls in- 
creased although there was no comparable change in intake. 
More children over 12 years of age than children under 12 
years of age were classified as poor or fair according to th,e 
categories suggested by Bessey and Lowry. 

The calculated intake of vitamin C from vitamin C-rich 
foods only was as good as total vitamin C intake for predict- 
ing blood serum concentrations of this nutrient; intake per 
kilogram body weight was a somewhat better predictor of 
serum concentrations than was total intake per day. None 
of these measures of intake was a precise predictor of the 
vitamin C concentration in the serum. Mean intakes of vita- 
min C similar to the Eecoimnended Allowances were asso- 
ciated AAT-th mean serum concentrations lower than 0.8 mg% 
in cliildren beyond 11 or 12 years of age. 
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trifugation. Surplus plasma from oxalated samples was 
combined Avilb serum for estimation of cholesterol, carotene 
or vitamin A, but not for ascorbic acid. 

The laboratory at Pinon completed the estimates for hemo- 
globin and of total serum protein on samples from that clinic. 
Serum aliquots for estimation of vitamin C were precipitated 
with 6% metaphosphoric acid, and, along with serum for 
the other estimations, refrigerated and transported to Ganado 
for completion of the determination. All samples obtained at 
Ganado were processed in the laboratory there. 

The particular laboratory procedures employed were se- 
lected on the basis of convenience and dependability under 
field conditions and with a view to allowing for valid com- 
parison with a number of similar studies on population 
groups. The methods were as follows: 

Jlemoglohin and total scnim protein. The copper sulfate 
specific gravity method of Phillips and Van Slyke (’45) Avas 
used, the specific graAuty intervals of 0.004 adopted and 
gravities recorded to 0.001 unit. The recommended correction 
Avas made for oxalate AA’here present. AVlien the sample aa'RS 
insufficient for determination of total serum protein the aver- 
age value of 7.2 gm per 100 ml AA’as used to calculate the 
hemoglobin content. Personnel limitations dictated that dur- 
ing the first AA'cek of the clinic at Pinon and for almost all 
children throughout the study at that clinic there AAms but 
simplified screening of hemoglobin level by determining 
AAdiether the concentration Avas above or beloAY the tAA'O limits 
of 12.3 or 14.2 gm/100 ml, assuming an average total serum 
protein of 7.2. 

Seru7n ascorbic acid. A photoelectric procedure (Associ- 
ation of Vitamin Chemists, ’51; Mindlin, ’38; Bessey, ’38) 
which employed 2, 6-dichlorophenolindophenol as an indicator, 
metaphosphoric acid as a protein precipitant, and citrate 
buffer A\ms used. These reagents AA’-ere prepared in deionized 
water Avhieh aa^us obtained by passing distilled Avater through 
a mixed bed ion exchange resin. All analyses were stabilized 
immediately and completed within 4 days. 
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(Received for publication January 16, 1956) 

In a previous paper it vras postulated (ilnrray and Camp- 
bell, ’55) that, while anreomycin increased the response to 
vitamin A as measured by the vaginal smear assay, it did not 
do so by increasing absorption of the vitamin from the intes- 
tinal tract. This theory was based on the assumption that 
all vitamin A had disappeared from the gut contents ivithin 
24 hours after administration of an oral dose. Wliile this 
assumption seemed justified, more direct evidence was re- 
quired. The purpose of this paper is to report (1) data on the 
absorption and distribution of doses of vitamin A in depleted 
rats and (2) further observations on the effect of anreomycin 
on vitamin A utilization. 


METHODS 

The vaginal smear technique and diets were those preinously 
described (Murray and Campbell, ’55). Chemical assays for 
vitamin A were carried out according to the method of Ames, 
Risley and Harris (’54). For organs in which only .small 
amounts of vitamin A were expected, a known amount of 
vitamin A acetate was added, and then subtracted from the 
total found by analysis. 
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of tliis experiment, sliown in figure 1, it is apparent that 
anreomycin had no measurable influence on the distribution of 
vitamin A. It is also evident that the intestinal contents vere 
free from vitamin A vithin 24 hours after an oral dose. The as- 
sumption that anreomycin could not influence the absorption 
of vitamin A from the intestine when it was fed only 24 hours 
after dosing, was therefore supported. The much smaller 
doses used in the vaginal smear assay might be expected to 
disappear from the gut contents even more quickly. As has 
been noted previously by Popper and Volk (’48) the gut 
wall held a small amount of vitamin A for periods up to 72 
hours. 

Effect of anreomycin on siibcuianeous doses. The use of 
subcutaneous doses of vitamin A offered another approach 
to the study of the mode of action of anreomycin. Two vaginal 
smear assays were conducted in which half the rats received 
aureomycin (66 mg/kg) in their diets from two days before 
dosing until the end of the test. Each assay comprised 60 
rats and was identical to those described previously (Murray 
and Campbell, ’55) except that the doses were administered 
by subcutaneous injection rather than orally. In one of these 
assays the doses were corn oil dilutions of vitamin A acetate 
while in the other the doses were made by diluting a com- 
mercial aqueous dispersion ‘ of vitamin A. Aureomycin in- 
creased tlie response to vitamin A in each of the assays. The 
increase in I’esponse amounted to 18,2^ (limits at P = 0.05 — 
±; 11.6%) when the doses wore given in an aqueous disper- 
sion, and to 16.3% (limits at P — 0.05 = :± 25.0% ) when oil 
solutions of vitamin A were used, xiureomycin therefore in- 
creased the response to subcutaneous doses of mtamin A by 
about the same amount as has been x’oported (Murray and 
Campbell, *55) in the case of oral doses. This supports the 
theory that aureomycin does not affect the response to doses 
of vitamin A by increasing the proportion of the dose absorbed 
from the intestine. 

* Aqiin^ol T‘.S. Vit.nmin Corporntion, 
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groups. However, the usual increase in values was found in 
the 10- to 14-year-okI children, and there was a significantly 
increased proportion of girls 10 to 14 years of age with 
hemoglobin concentrations above 14.2 gin per 100 ml (table 
30). These results arc comparable to the means and dis- 
tributions of values found by Anderson et al. (’46a) among 
the Otomi Indians. The Navajo children had values 1.0 and 
2.0 gm higher than do white or Negro children respectively 
in North Carolina (j\niam and Anderson, ’44) and than white 
children in Nashville (Darby’’ et ah, ’47). 

TABLE 30 

Pcrccniafjc of hcinofflohin limits among Navajo children 
Juno-July 1955 
(Ganndo and Piuon combined) 


Kumljpr 

MALE 

rKMAw: 

MAI.E 

rCMALE 

6-9 Years 

19-14 Years 

4G 

87 

52 

Cl 



Co 

•Tc 


Hemoglobin gmflOO ml 





Less than 32.3 

7 

5 

0 

7 

32.3-14.2 

59 

01 

50 

30 

Greater than 14.2 

CO 

34 

44 

57 


'Included arc 114 children from tabic 29. The remaining 132 children from 
Pinon ivcre screened assuming an average plasma protein of 7.2 gm/100 ml. 


It is apparent that any problem of iron deficiency or, in- 
deed, a lack of any nutrient essential for hemoglobin for- 
mation in this population is minimal. Insofar as hemoglobin 
levels are concerned, the group of men more nearly resemble 
the Olympic athletes reported on by Berry et al. (’49) than 
they do a deficient population. The consistently higher av- 
erage values at Pinon, the area less sophisticated because of 
its greater isolation, than at Ganado seems logically attribu- 
table to the slightly greater altitude at which the families in 
this area lived. 

The values for total serum protein are consistent with 
those of healthy groups — only 4 subjects (three adults and 
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any influence on the utilization of vitamin A in the presence 
of anreomycin. It was felt that this might furnish some 
further clue to the mechanism of the action of anreomycin. 
The following changes were made in the vitamin A-free diet : 
(1) starch was replaced hy sucrose; (2) vitamin mixture, 
the composition of which is shown in table 2, was added; (3) 
folic acid was added at the rate of 8 mg/kg; (4) ascorbic 


TABLE 2 

The effect of changes in the vitamin Affree diet and of anreomycin on the 
ntilization of vitamin A 

KUMREK or DAVS TO BEC03HE DEFICIEST ATTRH AK OBAl/ ROSE OF VITA5IIX A 


DIET 





Vita- 

A-free 

Sucrose 

Vita- 

min 

mix- 

4- 

Sucrose *** 

min 

ture ^ 

aareo- 

aureo- 

mix- 


mycin 

mycin 

ture ' 

oureo- 

mycin 


Folic 

acid 


Folic 

acid 

aureo* 

injein 


AS’ 

corbie 

acid 


As- 

corbic 

acid 

-f- 

aureo* 

mycin 


Test 


1 

18.3 

19.3 

19.1 

19.3 

17.3 

18.8 

19.1 

19.4 

18.8 

1S.3 

2 

16.7 

17.5 

16.1 

16.6 

16.9 

17.4 

16.6 

16.8 

17.0 

16.6 

3 

15.9 

16.6 

15.4 

15.1 

16.6 

17.2 

17.0 

17.0 

16.4 

15.7 

4 

15.G 

17.0 

15.3 

15.3 

16.4 

17.5 

16.5 

16.8 

15.7 

14.5 

Menu 

10.6 

17.6* 

16.5 

16.6 

16.8 

17.7 * 

17.3 

17.5 

16.9 

16.5 


* Tho composition of tbo vitamin mixture vras as foUovrs (amounts in milligrams 
per kilogram of diet) : thiamine 20, riboflavin 40, niacin SO, pvridoxine 20, calcium 
d-pantothenate 80, inositol 800, choline 4000, folic acid 8, para amino benzoic acid 
40, vitamin B,. 1C. 

^ Significant at P = 0.05. 


acid was added at the rate of 2 gm/kg. Each of these diets 
was fed 1o 10 vitamin A-deficient rats, and 10 others were 
given liio .same diets plus 66 mg of aureomycin per kilogram. 
After hvo days all rats were dosed with 100 I.U. of vitamin A 
and tlie nnmhor of days that elapsed until each rat again be- 
came deficient, was recorded. Deficiency was judged by an e.x- 
aminatinn of the vaginal smears. This test was repeated twice 
with the same groups of rats after which the rats were distrib- 
uted randomly to form the groups of tests 3 and 4. The results 
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of the individual values was wide. Four women (two non- 
pregnant, non-lactating, one each pregnant and lactating) had 
levels helow 40 1.U. per 100 ml, i.e. unquestionably low values 
Avhich are usually associated with measurable changes in 
retinal function. Three men and 16 non-pregnant, non-lactat- 
ing women had levels below the less rigid, widely used “limit 
of normal” of 70 1.U. per 100ml, Despite the failure to de- 
tect clinically manifest avitaminosis A among this group, 
one must conclude that a small portion of them fails to ingest 
sufEcient vitamin A or its precursors. These low values are 
masked in considering only means, since an appreciable num- 
ber of samples contained 320 1.U. per 100 ml or above — no 
doubt reflecting the recent ingestion of visceral meats rich 
in this vitamin. 

The distribution of carotene measurements was skewed 
toward the low side; accordingly, the values are presented 
as percentiles (table 28), These levels reflect an unusually 
low consumption of carotene-containing foods, and are simi- 
lar to those observed in Norris Point, Newfoundland (Gold- 
smith et ah, ’50) where, however, the average vitamin A 
values were lower. Although carotene levels of the Navajo 
are lower than are those of the Otomi Indiaii (Anderson et 
ah, ’46a), the vitamin A status of the former is decidedly 
better. Indeed, the mean vitamin A level of the Navajo is 
higher than that recorded for either white or Negro southern 
population groups (Milam and Anderson, ’44) while the 
carotene levels of the blood are decidedly lower. 

No general decrease in serum vitamin A occurs in the 
older age groups, such as is reported for older white sub- 
jects (Nutrition Eeviews, 14, ’56). Furthermore, the depres- 
sion of the vitamin level in pregnancy (Darby et ah, ’53b) 
observed in white groups was not manifested. The I'ise in 
serum carotene level during pregnancy and the subsequent 
fall during lactation were observed. 

It is evident that the Navajo has a low carotene, predomi- 
nantly (preformed) vitamin A intake and that this intake is 
adequate in most instances. There is, however, a small per- 


ATJBEOMTCIS’ A^*D TTTAJmr A 


325 


to have any influence on vitamin A in the stomach, one vrould 
expect the effect to he much more marked after an oral dose 
than after a subcutaneous injection. This, hovever, vas not 
the case. Furthermore, none of the vitamin A vas found in the 
intestinal contents or walls. 

The observation that dietary sucrose and ascorbic acid are 
capable of influencing the action of aureomycin has been made 
by others, although not with regard to vitamin A utilization. 
Stokstad, Jukes and Williams ( ’53) reported that aureomycin 
was more effective in promoting growth in chicks when the 
starch of the diet was replaced by sucrose. Daft and Schwarz 
( ’52) found that either aureomycin or ascorbic acid prevented 
the appearance of deficiency symptoms in rats fed diets devoid 
of ribofla\dn or pantothenic acid. It is known (!Monson et 
ah, ’54) that the intestinal synthesis of folic acid is increased 
in the presence of aureomycin. This may be the mechanism by 
which added folic acid eliminates the effect of aureomycin, 
but folic acid itself had no influence on the vitamin A assay. 
The fact that aureomycin had no influence on the \'itamin A 
assay when sucrose, ascorbic acid or folic acid were added to 
the diet, suggests that intestinal bacteria are involved. Thus, 
aureomycin could increase the response to doses of vitamin A 
l)y eliminating bacteria which would otherwise destroy part 
of the dose, or by promoting the growth of bacteria which are 
capable of synthesizing vitamin A. Partial destruction of the 
dose can be ruled out because aureomycin was effective even 
when fed after the vitamin A dose had left the intestine. 
Intestinal synthesis remains a possibility. Luckey {'55) has 
recently presented evidence that dietary antibiotics stimulate 
the growth of germ-free chicks by direct action on the tissues. 
If is impossible to say what part, if any, pueh a mechanism 
has in the work reported here. 


SUMMAP.y 

1‘urther evidence has been obtained which indicates that 
nnreniuyein does not exert its effect on the vaginal smear 
.assay for vitamin A by increasing the absorption of the dose. 
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mention as anotiier example of the relationship between 
lipid-soluble constituents in serum, an association which has 
been previously noted (Dai-hy, Cannon and Kaser, ’48; Darby 
et ah, ’49; Darbj* et ah, ’53b; Ferguson et ah, ’55). The 
similar behavior of carotene, cholesterol and tocopherols 
under a variety of conditions and the occasional divergence 
of vitamin A is probably indicative of similar transport 
mechanisms for these three factors so often associated, and 
of a rather different mechanism in the instance of vitamin A. 

TAIiLK 33 


Scrum cholesterol JcvelSf accordinf^ to levels of serum vitamin C 
Nnvnjo groups, Junc-July 1955 


SERUif VITAMIK C 
LEVEL 

(mp/lOO ml) 


bEKUM CHOLESTEROL (m^/lOO nil) 


Apes 15— 1-J vr. 

Acps *15-*“ JT. 


Lnctntinj: 

Xo. 

Av. i S.K. 

No. 

Av. ± S.K. 

Xo. 

Av. ± S.E. 

0.00-0.09 

44 

210 rt 7 

97 

233 ± 5 

43 

208 :t 7 

0.10-0.19 

C2 

218 G 

70 

231 ± 5 

27 

212 ± 11 

0.20-0.20 

^3 

212 ± 7 

•il 

242 7 

12 

208 :t 14 

0.30-59 

89 

212 4 

72 

231 ± G 

9 

224 24 

^O.GO 

78 

219 ± C 

29 

242 It 8 

11 

224 :i: 22 

Total 

310 

215 3 

312 

234 rt 3 

102 

212 ± 5 


The ascorbic acid levels in the serum were low in the ma- 
jority of cases in all groups. The distxdbution was skewed 
and, accordingly, the data are presented in percentiles (table 
28). It is strikingly clear that those in the 90th percentile 
were abundantly nourished insofar as vitamin C is concerned. 

The data permit certain generalizations; at least half of 
all groups, and a larger portion of several, have a vitamin C 
level below 0.3 mg per 100 ml. More low values occur among 
the older adults and among lactating or pregnant women. 
The values from the Pinon area are lower than are those for 
similar groups around Ganado — a finding consistent vdth the 
results of the physical examination of a greater incidence of 
gingivitis in the Pinon group. From these serum levels one 
may conclude that some half of the people had a dietary intake 
of ascorbic acid of not more than 30 mg. The low nutriture 
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INTRODUCTION 

Poor utilization of orally administered pantotLenic acid 
(Henderson et al,, ’42; Silber, ’45) bas been sboTm to be due 
to tlie ready excretion of the calcium and the sodium salts 
into the feces (Nelson et ah, ’47; Rubin et ah, ’48), and to 
the possible destruction of the vitamin in the gastric juice 
(Rubin, ’48; Rubin et ah, ’48). Since the long-chain fatty 
acid esters of pantothenic acid (Sakuragi and Kummerovr, 
’56) are soluble in fats, the absorption and the excretion of 
the pantothenic acid moiety ivould be different from those 
of the ivater-soluble forms. Improved stability of the active 
fragment may also be expected because of less contact of the 
fat-soluble esters with the gastric juice. 

In the present study, the biological utilization of the pal- 
mitic acid esters of pantothenic acid was investigated with 
rats. So called fat-soluble derivatives of pantothenic acid 
such as the acetate, the p-nitrobenzoate or the carbobenzoxy 
derivative have been prepared (Stiller et ah, ’40; Harris et 
al., ’41; IVooley, ’45). Quantitative evaluation of the bio- 
logical activity of these ])roparations, however, was not com- 
plete (Billiams et al., ’50; Robinson. '51; Sebrell and Harris, 
’54). 

'This work wns supports hy rosonrcli no. A-257 from tho N.olion.U 

Institiitos of Health, U. S. Public Ho.nlth Service, Department of Health. Ultica- 
tion nixl Wolfnrc. 




FATOlT esxebs oe paxxoxhekic acid 


329 


ethyl dipalmitoxypantothenate (I) and pantothenyl tripalmi- 
tate (in) respectively. 

Growth response of the pant otheimte~deplet eel rats to a 
single dose of various preparations. The male vreanling rats 
which were nsed in this experiment had been kept for 4 weeks 
on a pantothenate-free ration (table 1, 1). One per cent snlfa- 

TABLE 1 


Composition of the hasal ration 



DIET I 


DIETH^ 

Glucose * 

68 gm 


64 gm 

Vitamin*frce casein 

18 gm 


24 gm 

Com oil 

10 gm 


8 gm 

IVesson salts 

4gm 


4gm 


Vitamins per 100 gm ration 



Choline chloride 

200.0 mg 


100.0 mg 

Inositol 

100.0 mg 


40.0 mg 

Niacin 

10,0 mg 


2.0 mg 

Biboflavin 

0,9 mg 


1.0 mg 

Thiamine hydrochloride 

0.45 mg 


0.5 mg 

P'Aminobonzoic acid 

0.3 mg 


1.0 mg 

Pyridoxine hydrochloride 

0.15 mg 


0.5 mg 

Menadione 



0.5 mg 

Folic acid 

0.08 mg 


. . . 

Biotin 

0.4 Mg 



Vitamin A 


260 I.U./week 


Vitamin 1) 


1.6 Mg/^cek 


Vitamin E 


259 Mg/week 



* Composition of <Hct III was the same na diet II, except that it included 0.05 mg 
each of folic acid and biotin per 100 gm of ration. 

’ Ccrclo«^c. 


guanidine or 2% snccinylsnlfalhiazolo was added to this diet 
at the expense of the glneose. The rats were then divided 
into 4 gronps of 4 to 5 rats each, and supplemented with a 
single dose of d-calcinm pantothenate, dhethyl 2'-monopal- 
mitoxypantolhenate (II), or d/-ethyl dipalmitoxypa)itothe7iate 
(I) eqniv.alent to ,500 (ig of J-calcinm pantothenate per rat. 
It has been reported that a single dose of calcium pantothenate 
at a level of SOO pg induces a marked weight gain in panto. 
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incidence of infestation with parasites which might produce 
iron-deficiency anemia. 

Among the adults no residua clearly attributable to child- 
hood rickets were noted and among the children no certain 
cases of clinically diagnosable rickets were seen. Serum 
phosphatase determinations were not done and no other 
laboratory or x-ray studies were rmdertaken. Breast feeding, 
the use of euaporated milk (which is fortified with vitambi 
D), the free exposure to the sun during much of the year, 
and the absence of a whole-cereal dietary contribute to this 
good situation relative to rickets. 

Iodine lack as reflected by endemic goiter was not en- 
countered to an extent to be considered of nutritional signifi- 
cance. Fluorosis is not severe in the population studied. 
Dental caries, however, was variable — in some geographic 
regions it was severe, in a few groups it was strikingly rare. 
In the examinees at Pinon, the region less influenced by white 
man’s culture, the recorded incidence of noteworthy caries 
was slightly greater, but evidence of dental care (number 
of edentulous persons) was less. There was, in our opinion, 
no real difference between the dental status -in these tsvo 
regions, in contrast to that which one might expect from the 
Avidespread belief that the closer the food habits approach 
the primitive, the fewer dental ills. 

Clinical evidence, vital statistics, and hospital experience 
reveal no widespread severe vitamin B-complex deficiency. 
There are no real problems of pellagra, of beriberi or of sprue. 
Such evidence is in accord with the qualitative dietary pat- 
tei’u. Oral lesions and conjunctival injection may speak for 
some incidence of aribofiavinosis, but no biochemical tests 
were made to decide this question. The dietary of some ap- 
pears low in this nutrient, especially where milk is used m 
less quantity. It is suggestive that the incidence of these 
signs was greater at Pinon where the frequency of milk 
consumption was less. These observations lend support to 
the obvious need to increase the production, availability, and 
use of milk on the Reservation. 



Jrrrtifj^ hivbj u'rhfht {jnin^ of oxolc rats on diets supplemented with pantothenate preparations 
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which we observed. Tliese changes were sometimes of trau-^ 
matic origin; more frequently, however, tliey were associated 
with evidence of an old trachomatous infection. History con- 
sistent with severe avitaminosis A was not obtainable in 
relation to these findings and the biochemical and other 
evidence fails to support a thesis that such impairment is 
attrilmtable to malnutrition. 

The serum cholesterol A'alues among the Havajo fall into 
the usual jiattern for omnivorous populations, and the levels 
found do not support tlie thesis that they may be responsible 
for a low incidence of coronaiy heart disease. 

Since the initial impetus for tliis investigation was the 
exploration of a possilile dietary influence on malignancy, it 
is appropriate to comment on this point. Tlie nutritional level 
of the Navajo has not been found to differ markedly from 
that of several other populations Avhich have been investigated. 
There is no pronounced peculiarity of the nutrititure which in 
our iDresent state of knowledge one might seize upon ns a 
likely exi?lanation of aii}^ true difference in malignancy rate 
Avhich may exist between the Navajo and other groups. The 
extent of the present use of wild or native foods does not 
seem to us to justify the expectation that among these there 
is a likely explanation of the phenomenon. Further experi- 
mental studies of the effect of the iDarticular diet as here 
described might conceivably reveal subtle unexpected effects, 
but in view of the well-recognized differences between racial 
groups in rate of incidence of cancer and other diseases, 
it may logically be hyiDothesized that a genetic influence is 
a more likely explanation than a dietary one. This conclusion is 
similar to that entertained concerning the low incidence of 
cervical cancer among Jewish women (Anonymous, ’56). 

This study is an initial step toward meeting the need ex- 
pressed by Kraus (’54) for “scientificall}’' conducted surveys 
of nutritional status among Indian populations of the South- 
west ...” It is hoped that it may be followed by additional 
investigations among this ti’ibe and among the other Indian 
groups. We believe that infoi'mation of this type made widely 
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cium pantotlienate, ethyl monopalmitoxypantothenate or ethyl 
dipahnitoxypantothenate resulted in similar body -weight 
gains (table 3). The gain in body -weight reached a maximum 
at the 10th day. The growth response which was induced by 
calcium pantothenate after the first day appeared to he higher 
than the response observed in the other groups; the differ- 
ences, however, were not statistically significant. 

Esterification of the vitamin -with palmitic acid increased 
the amount of pantothenic acid that appeared in the urine 
after the administration of a single large dose (table 4). 


TABLE 4 

Average urinary excretion of j)aniotlicnat€ * per rat following the administration 
of a single large dose of various supplements 


surrnr.MEXTs * 

HOURS AFTEir ADMIXISTRATIOX 



AV. BODY 

0-12 

12-24 

24-36 


EECOVERT 

IVT.^ 

Calcium pantothenate 

tiff 

600 

fiff 

300 

Mff 

220 

fiff 

1120 

11 

ffm 

203.3 

Ethyl monopalmitoxy- 

pantothenate 

1970 

1030 

260 

3260 

33 

202.3 

Ethyl dipalmitoxy- 

pantothenate 

1270 

800 

370 

2440 

24 

206.0 


* The amounts are indicated as d-calcium pantothenate. 

* Each rat was supplemented with a preparation at a level equivalent to 10 mg 
of fhcalcium pantothenate, 

* Each Rroup consisted of three normal male rats. Analysis was made on a 
pooled sample from each group. 


itli calcium pantothenate, 11%, with the monopalmitate, 
33/0 and Avith the dipalmitate, 24% of the pantothenic acid 
was recovered from the urine in 36 hours. In all of the three 
12-hour collection periods, a higher excretion of pantothenic 
acid was observed after the palmitic acid esters Avere fed. 
During the first aud the second periods supplementation AA'ith 
ethyl nionopalmitoxypantothenatc resulted in a higher excre- 
tion of the A'itamin than aa’us obtained Avith the dipalmitate. 
In the last period, ho\A-oA'er. the aA'crage excretion per rat 
fed the dipalmitate A\-as higher than it AA-as for those supjile- 
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tlienate was used as a supplement. The 71 pg level of panto- 
thenate, however, is Avithin normal range for liver (Wright 
and Welch, ’43, ’44; Ford et ah, ’53; Everson et ah, ’54). 
During the course of the 12-hour experiment, it vas noted 
that the amount of liver pantothenate tended to increase; 
the levels at the 6th and the 12th hour v-ere 72 Mg and 82 pg 
per gram of liver respectively. The results thus appeared to 
indicate that a gradual utilization of pantothenic acid took 
place when the dipalmitate of ethyl pantothenate was fed. 
However, a level of pantothenate equivalent to that of normal 
rat liver was noted within two hours after supplementation 
with the dipalmitate. 


STJMMAET 

The biological utilization of fat-soluble derivatives of panto- 
thenic acid, ethyl dipahnitoxypantothenate and ethyl ^'-mono- 
pahnitoxypantothenate was compared with that of calcium 
pantothenate in rats. The over-all activity of the palmitic 
acid esters was equal to that of the water-soluble form as a 
supplement for pantothenic acid ; this was proved by feeding 
experiments under various conditions. When a large single 
dose of the preparation was administered to the rats, the 
excretion of the pantothenic acid into the urine was markedly 
increased by esterifying the vitamin with one or two moles 
of palmitic acid. The biological utilization of the pantothenic 
acid moiety when present as an ester appeared to be slower 
than that of the free vitamin. The liver of pantothenate- 
deficient rats, however, contained a normal pantothenate level 
within two hours after the administration of ethyl dipal- 
mitoxypantothonate. The activity of pantothenyl tripalmitate 
was found to be equal to that of free pantothenol. 
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It is known that progesterone is required to maintain preg- 
nancy in the rabbit (Allen and Corner, ’29; Pincus and 
Werthessen, ’38). It is also known that a deficiency of vita- 
min A causes an impairment in reproduction in the rabbit 
(Lamming, ’49; Lamming et ah, ’54). The latter workers 
suggested that exogenous progesterone may alleviate some 
of the impairment in reproduction induced by a vitamin A 
deficiency. 

This is a report of experiments in w’hich an attempt was 
made to increase the reproductive performance of vitamin 
A-deficient female rabbits by the injection of progesterone.^ 

EXPEKIMEXTAL 

In the first experiment, 34 adult New Zealand white female 
rabbits were placed on a diet (Lamming et ah, ’54) containing 
no detectable carotene. After 4, 8 or 12 weeks on this diet, 
the females were mated to fertile males with one-half of the 
lemales receiving daily injections of 8 mg of progesterone in 
oil starting on the day of mating. This dosage of progesterone 
was selected to make it well in excess of the 4 mg minimum 
daily level required to maintain pregnancy in the rabbit (Allen 
and Ileckcl, ’39). At the conclusion of this experiment the 

'.\ji of tlii« pnecr w.i.'. iiro.'ontol .it tlio -STth Mictinjr of tkc 

.\n!('nr;m of Animal Pro.luction IP.'-l. 
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3 ections enabled the females to carry the young for a much 
longer period of time. 

The low number of corpora lutea in the untreated groups 
on the diet for 12 or 13 weeks was probably due to abortion 
or resorption early in gestation which has been shown to 
occur in rabbits on a carotene-deficient diet (La m ming et aL, 
’54). If pregnancy is terminated in the early stages, the cor- 
pora lutea are not grossly discernible 28 days post eoitum. 

TABLE 1 


The reproductive performance of Xew Zealand icluie female rahhits 
on a carotene -deficient diet 


xo. or 

W'KS. OK 
mzr 

TKEAT' 

AV. TOrKG/rEMAIiE 

AV. 

AV, 
1>TVZZ 
VIT. A 

AV. 

PLASMA 
TTT. A 

rrstALKS 

nr.Tozn 

MATIKO 

MCKT 

Living 

Dead 

Sites 

COj, 








iig/^ 

fiff/too 

ml 

G 

4 

Xone 

5,0 

1.8 

0.8 

9.6 

9.9 

8.2 

0 

4 

Prog.' 

3.7 

0.3 

0.5 

7.2 

8.3 

8.0 

5 

8 

Kone 

4.0 

0.6 

0.0 

7.6 

2.8 

3.6 

5 

8 

Prog.' 

2,5 

1.3 

0.5 

9.0 

1.0 

€.4 

G 

12 

None 

0.8 

0.8 

0.0 

1.0 

1.8 

7.6 

G 

12 

Prog.' 

4.3 

2.2 

0.3 

9.8 

2.0 

9.9 

8 

13 

None 

1.0 

0.5 

2.1 

5.0 

0.5 

2.0 

S 

13 

Prog.= 

5.1 

3.4 

0.0 

10,2 

0.5 

2.5 

8 

13 

Vit. A' 

1.2 

2.9 

1.0 

5.5 

787.0 

40.7 


* Daily injection of 8 mg. 

‘Daily injection of 12.5 mg. 

* eckly feeding of 100,000 LU. vitamin A acetate. 


As a resv\Ii of tliis, the number of corpora lutea 28 days post 
coilum was not an accurate measure of the number of ovula- 
tions. 


Since the levels of vitamin A found in table 1 were taken 
28 (lays post eoitum, they were undoubtedly liiglier at the be- 
gmuing of pregnancy. It is not known whether the levels of 
vUaiuin A were sufficiently low during pregnancy in the 4- and 
8-woek groups to cause a decrease in the number of live 
youug. However, feeding this carotene-doficieut ration for 
12 weeks caused a marked reduction in reproductive efficienev. 
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12 or 13 weeks before mating averaged 0.9 living and 0.6 dead 
yonng at autopsy on tbe 28tlL day of pregnancy, while 7 com- 
parable females injected with 8 mg of progesterone daily had 
4.3 living and 2.2 dead young and the 7 females receiving 
12.5 mg of progesterone had 5.1 living and 3.4 dead young. 
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Food inlako and weight gain were measured for a period of 
20 days. As llie experimental situation demanded, this ration 
was supplied either ad libitum or in restricted quantities. In 
one restriction experiment a nitrogen-free supplement (29S, 
table 1) was offered ad libitum. All the animals were homsed 
indi\ddually in screen-bottom metal cages maintained in an 
air-conditioned animal room. 

TABLE 1 


Percentage composition of diets 


I S’ (JR KOI EXT 


DIET 



287 > 

292 * 

298 

311 * 

Cnsf'in - 
Sucrose 

5 

5 

45 


Dextrin 

Starch 

85 

85 


70 

Salts A> 

Salts mnv* 

5 

5 

5 

5 

Corn oil 

5 

5 

5 

5 

D3’drogcnatcd 
vegetable oil * 



45 

20 

‘ A'^itamin supplement and composition 

of Salts A ns 

reported bj’ Fenton and 


Carr ('51). 

- Labco, vitamin-frcc. 

^Ilubbcll, Jlcndel and Ti’'akenian ('3 7). 
* Crisco, 


The protein minima studies followed the i^rinciples outlined 
by Melniek and Cowgill (’37). Adult mice of the A/Fn and 
I/Fn strains were maintained in individual metabolism cages. 
These animals had been reared to age 6 months on a commer- 
cial stock ration.- The mice were fed a nitrogen-free diet (311, 
table 1) ad libitum. Urine collections were made during the 
third and 4th days on this diet. During the following three 
days 5 mg of nitrogen were injected intraperitoneally daily 
in the form of an aqueous solution of enzjmiatic casein hydro- 
lyzate. During a second and third three-day period the amount 
of nitrogen was increased to 10 and 15 mg per day respectively. 

•Purina Laboratory Chow. 
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IXTRODFCTIOA' 

Earlier experiments established that the increase in weight 
of young rats is dependent on the type of the dietary fat 
(Thomasson, ’55a). These investigations further revealed 
that the different growth-action of the fats and oils investi- 
gated is actually due to a different food intake. 

It is conceivable that food intake and growth are cor- 
related with the rate at which the fat in question is 
absorbed. The literature in this field is very restricted, 
however. Steenbock et al. (’36) established that halibut- and 
cod-liver oil are absorbed significantly more rapidly than lard 
and maize oil. In addition, a nmnber of fats and oils could be 
arranged in the order of decreasing rates of absorption as 
follows : linseed oil, olive oil, whale oil, soya-bean oil, ground- 
nut oil, rancid lard, cottonseed oil, coconut fat, and pahn oil. 
Deuel et al. ( ’40) observed no differences in the rates of ab- 
sorption of cottonseed oil, butterfat, and coconut fat; they 
found, however, that rapeseed oil was absorbed at a much 
lower rate. In later investigations carried out in Deuel’s 
laboratory it could be shown that maize oil (Bavetta and 
Deuel, ’42) and lard (Crockett and Deuel, ’47) possessed the 
same rate of absorption. In addition, Bhalerao et al. (’47) 
found that sesame oil, coconut fat, and butterfat are absorbed 
at^ the same rate, and safilowor, groundnut and cottonseed oil 
slightly, although not significantly, slower. 
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(43 gm/20 days), they actually lost •weight. "When other mice 
of the C3H and A strains were similarly restricted but were 
allowed in addition unlimiled quantities of the nitrogen-free 
ration 298, they again showed positive weight gains. We have 
omitted data of those animals which did not completely con- 
sume the 43 gm of diet 287. The sum of diet 287 and diet 
298 consumed did not equal the quantity of diet 287 consumed 
under conditions of ad libitum feeding (table 2). 



Fig. 1 PcgrcHsion line of n'cight g-nin/CO days on volunt.nry intake of 5 % 
protein diet of weanling C57BL male mice. Zero weight gain theoretically at 
food intake of 35.3 gm. 

In figure 1 are plotted the body weight gains of individual 
C57BL animals against food intake under conditions of ad 
libitum feeding. The calculated regression line shows that 
weanling mice of this strain should show no weight change 
if consuming 35.3 gm of diet 287/20 days. As a check 15 
weanling male mice of the C57BL strain Avere fed this amount 
of diet 287 over a period of 20 days. The avei’age Aveight gain 
observed for the entire group AArns 0.1 gm. On the other hand, 
as AAms shoAvn in table 2, mice of the A strain lost Aveight eA’-en 
when fed as much as 43 gm of diet 287. In a further experiment 
mice of the A strain AAmre each fed 36 gm of diet 287 mixed 
Avith 18 gm of dextrin. The resulting mixture supplied approx- 
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spectively after administering tlie fat. From tliese values it 
was calculated at what time 50% of the dosage would have 
disappeared from the gastrointestinal tract. The value so ob- 
tained (it varied from 5 to 11 hours) was applied to a third 
series of 6 animals. 

When calculating AT^o it was supposed that, at any rate 
within the scope of the relevant observations, a linear rela- 
tionship exists between time and the percentage of fat ab- 

larm T 

sorbed. ATr,o was calculated as follows; — , 

in which 

X = absorption time = time interval between administering the fat and the analv- 
sis (in mins.) ; 

y = percentage of fat recovered in the gastrointestinal tract after absorption 
time x; 

’x = the mean of all x values ; 

J = the mean of all y values ; 


b = regression-coefficient of v upon x = ^ 

(:Sx)* 

n 

in which n = number of observations. 

The 95% confidence interval of the AT.-.o value is: 

_ 50 — ~ 

x + c. 

in which 

— Standard deviation of the AT:..- value; 
tcof4> = critical value from Student-distribution for Pa = 0.05; 
c = correction factor for skewness = b': (b* — in which = standard 

deviation of the regression coefficient- 

In the calculation of AT,., the values for the entire gastro- 
intestinal tract have been employed. Actually, however, sepa- 
rate data for each of the three parts — stomach, small and 
large intestine — are available. 

BF-Sn.TS AND DISCUSSION 

The amounts of fat recovered in the entire gastrointestinal 
tract after administration of 400 mg per 100 cm- of body sur- 
face arc shown in table 1 as iiercentages of the dosage. Those 
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'When diet 292 Avas fed to Aveanling C57BL males, food intake 
amounted to only 32.4 gm, and a Aveight loss of 0.4 gm A\’as 
obsei'A'ed oa'cv the 20-day period. This is prccisel)* the AA’eight 
loss predicted from the regi’cssion line in figure 1. Diet 292 
is identical AA'ith diet 2S7 cxeei)t that starch aa'us substituted 
for dextrin. 

The results of the protein minima studios are sIioavii in 
figure 2. The endogenous urinary nitrogen excretion of I 
strain animals Avas significantly greater than that of A strain 
mice. At all Ioa'oIs of nitrogen intake the I strain mice shoAved 
more nogatiA’o nitrogen balances. 

Discussrox 

The lai’ge strain dilTerences in food intake under conditions 
of ad libitum feeding are in line AA’ith observations aa’O haA'C 
made AA’ith other diets. Under most feeding conditions the 
A'oluntary food intake of A and C3H mice has been found to 
exceed that of C57BL and I strain animals. It is the A and 
C3H strain Avhich can most readily be made obese by nutri- 
tional means. The obsei’Auition that mice of these tAvo strains 
lose Aveight AA'hen restricted to the quantity of food A'oluntarily 
consumed by C57BL and I strain animals indicates that they 
not only voluntarily consume more food, but that they also 
require more food in order to shoAV gaijis in body Aveight on 
loAv protein diets. With the diets fed in these experiments 
the question is raised AA’hether the A and OSH mice require 
more protein in order to groAv or AA'hether the need is for 
additional calories. The positWe Aveight gains observed Avhen 
the loAV protein diet Avas fed in restricted amoAints but the 
nitrogen-free ration supplied in unlimited quantities indicates 
that the need is for calories alone. This is further supported 
by the experiment in Avhich A strain mice Avere fed 36 gm of 
the loAV protein diet mixed AA’ith 18 gm of dextrin. It may 
be concluded then that A and C3H mice haA’’e a greater need 
for calories than do C57BL and I strain animals for the 
utilization of Ioav protein diets. 
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In table 1 tbe AT^o values (= ntimber of minutes after vrMcb 
50% of tbe fat administered disappears from tbe gastroin- 
testinal tract) calculated from these percentages, are also re- 
corded. In addition, values are given for tbe 95%-interval 
representing tbe limits betveen vrbicb lie 95% of tbe AT^o 
values of the respective fats. From these statistical data the 
fats under investigation can be arranged in 5 classes of de- 
creasing rates of absorption, although it is not certain whether 
sesame oil and lard belong to group II or to group HI or form 
a separate group. The influence of these oils and fats on the 
increase in weight of new-born male rats is kno%vn from previ- 
ous investigations (Thomasson, ’55a). On the basis of these 
findings the fats have been arranged according to decreasing 
growth-action; these rank numbers are given in the last 
column of table 1. It appears that a correlation exists between 
the rate of absorption (AT^o values) and the growth-action 
(p = 0.62 with P <0.01).' 

Such a correlation suggests that the divergent growth- ' 
action of various fats and oils [which, as previously shown 
(Thomasson, ’55), is in turn determined by the food intake], 
might be due to the rate at which these fats are absorbed. 
Some doubt regarding this supposition is justified, however, 
as certain fats do not conform to it. The growth-action of 
lard, shea butter, olive oil and poppyseed oil for example, is too 
favorable in respect of their relative slow rate of absorp- 
tion, whereas coconut fat and maize oil have a poorer growth- 
action than would be expected from the favorable rates of 
absorption of these fats. However, rapid growth and a cor- 
respondingly rapid absorption need not necessarily be con- 
sidered as favorable. It has been shovm (Thomasson, ’5.5b) 
tliat longevity on butterfat-containing diets is less than when 
this fat is replaced by rapeseed oil, in spite of the fact that 
with the former fat the growth rate and the rate of absorption 

* Thiv rorrflntion l»y imtiihrrin;: nrconiinj: 

to j:Tinvth-promotit)j: nbility nnd nrrortVm;: to dccrcofin;: rntc of ab- 

^orpti«n, jopI njvjOyiuj; of rnjik rorrolation to of 
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the conditions of our experiments, accumulation of excess fat 
■without the deposition of additional protein. 


smrH.vRY 

Two strains of mice highly susccptihle to nuti'itionally in- 
duced obesity were found to have a higher caloric requirement 
for the utilization of a low protein diet than a strain which 
is moderately susceptible and one that is completely resistant. 
One ohesity-suseeptihle strain requii’ed less nitrogen than the 
resistant strain. 
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The mean values after three, 6 and d hours are 23.0, 21.9 and 
22.7% respectively. This homogeneity prompted the calenla- 
tion of the mean percentage from all the 56 observations: 
22.5% -svith a standard error of 0.945%. Thus, this value 

TABLE 2 

Percentage disirtbuUon, over stomach, small and large intestine, 
of the recovered fat 

DtTEATIO!)? OF PXTEATIOX OF DtlRATIOK OF 

AESOEPTIOX : ABSOEFTION ; ABSOBPTIOX : 


3 novHS 6 HorES d hoxjes ^ 


TYPE or TAT 

stomach 

intestine 

small large 

stomach 

intestine 

small large 

stomach 

intestine 

small large 

d 

Butterfat 

74 

25 

2 

77 

21 

2 

58 

35 

7 

5 

Maize oil 

78 

20 

o 

65 

27 

S 

66 

32 

2 

6 

Cottonseed oil 

84 

16 

0 

74 

24 

2 

68 

28 

4 

6 

Beef tallow 

85 

14 

1 

85 

15 

0 

87 

10 

3 

6 

Coconut fat 

74 

22 

4 

75 

19 

6 

63 

27 

10 

6 

Soya-bean oil 

62 

33 

5 

58 

38 

4 

66 

28 

6 

6 

Sunflower oil 

81 

17 

o 

77 

19 

4 

74 

23 

3 

6 

Groundnut oil 

69 

31 

0 

78 

20 

2 

64 

29 

7 

6 

Olive oil 

67 

31 

2 

72 

23 

5 

79 

16 

5 

6 

Sesame oil 

70 

29 

1 

67 

29 

4 

77 

20 

3 

6 

Lard 

78 

22 

0 

73 

21 

6 

82 

14 

4 

6 

Balm fat 

87 

10 

3 

77 

19 

4 

( 5S 

32 

10 

Si 








( 71 

19 

10 

7 

Whale oil 

72 

25 

3 

76 

21 

3 

72 

21 

7 

Ti 

Shea butter 

66 

29 

5 

GO 

22 

18 

50 

35 

15 

94 

Herring oil 

71 

29 

0 

GO 

34 

6 

71 

25 

4 

8 

Rapeseed oil 

70 

23 

7 

75 

IS 

7 

S ” 

15 

12 

8 








/ 58 

19 

23 

9 

Poppyseed oil 

76 


o 

80 

14 

6 

S5 

11 

4 

11 

Knpohseed oil 

84 

16 

0 

86 

10 

4 

78 

15 

7 

lOf 



* Time nt ivliich, according to an estimation based upon the absorption values 
after three and C hours, 50^ of the fat vrould have been absorbed. 


soems lo be independent of the time of absorption and, inde- 
pendent, therefore of the total amount of fat present in the 
gastrointestinal tract. Probably the body lias a mechanism 
at its disposal vliicli attempts to maintain the percontntre of 
fat in the small intestine at a constant level, namely 22.5% of 
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cellnlar migration in inflammation; (4) capillary permea- 
bility, as measured by the [Menkin dye accumulation tech- 
nique; and (5) cellular composition of bone marrou'. A con- 
siderable decrease of complement activity and a substantial 
reduction in cellular migration to an inflamed area were 
observed in the white rats maintained on the niacin-tryp- 
tophan-deticient diet and the pyridoxine-dcficient diet. Al- 
though a significant reduction in cellular migration occurred 
in deficient animals, no alteration in capillary permeability 
could bo measured by the dye aecmnulation technique (Men- 
Idn, ’40). 

Although much work has been done with vitamin Bj; and 
its hematopoietic activity, very little research has been re- 
ported concerning its influence on resistance to disease. 
Neither have studies of this nature been performed on white 
rats maintained on a folic acid-deficient diet. The purpose 
of the previous investigations ('Wertman et al., ’53, ’54, ’55) 
was to study the various nonspecific physiological factors 
of resistance to infection concurrent!}' in animals maintained 
on a well-defined diet that was deficient in thiamine, niacin- 
tryptophan and pyridoxine. The purpose of this investigation 
was to perform identical studies with a groiip of white rats 
maintained on a well-defined diet that was deficient in vita- 
man Bij as well as a similar group maintained on a well- 
defined diet deficient in folic acid. 


EXPERIMENTAL 

Male, weanling albino rats of the Sprague-Dawley strain, 
approximately 21 days old, were employed in the investiga- 
tion, All rats were housed individually in wide-mesh, screen 
bottom metal cages. The animals for the vitamin Bi; experi- 
ments were arranged into three groups, i.e., vitamin Bi- 
deficient, inanition controls and ad libitum controls. The de- 
ficient group contained 80 animals and the two control groups 
each contained 40 animals. All animals were observed and 
weighed daily. 
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these oils and fats could be divided into 5 groups according 
to a decreasing rate of absorption: 

1. Butterfat. 

2. Maize oil, cottonseed oil, beef tallow, coconut fat, soya- 
bean oil, sunflower oil, groundnut oil and olive oil. 

3. Sesame oil, lard, palm fat and whale oil. 

4. Shea butter and herring oil. 

5. Eapeseed oil, poppyseed oil and kapokseed oil. 

A significant correlation appeared to exist behveen the rate 
of absorption and the growth-action of the oils and fats. 

The fat recovered three to 11 hours after the administra- 
tion of 400 mg per 100 cm- of body surface appeared to be 
distributed over stomach, small and large intestine -with a cer- 
tain constancy, averaging 73, 22.5 and 5% respectively. 

The percentage of fat in the small intestine, seems to be 
independent of the absorption time and consequently of the 
amount of fat in the tract ; that in the stomach showed a ten- 
dency to decrease while that in the large intestine increased 
when absorption time was extended. 
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mixture no. 2,- 4.00 ; corn oil/ 2.00 ; sulfasuxadine, 1.00 ; choline 
chloride, 0.20; i-inositol, 0.03; dZ-alpha-tocopherol acetate, 
0.01; and 2-methyl-l,4-naphthoqninone, 0.001. 

Each animal in the folic acid studies received a vitamin 
pill daily. The pills prepared for the conti’ol animals con- 
tained the following vitamins in micrograms: thiamine, 40; 
riboflavin, 60; pyridoxine, ’50; calcium pantothenate, 300; 
nicotinic acid, 150; biotin, 3; and folic acid, 20. Lactose vas 
used as the binder in the preparation of the pills. Folic acid 
was omitted from the pills prepared for the vitamin-deficient 
group of animals. 

TABLK 1 

Distribution and initial and final in ran icrir/bts of rats 


onoup 


NUMPER 

or 

r.ATB 


VITAMIN' n,3 
DEFICIENCY 


Mcnn body 


NUMIIKR 

or 

RATS 


FOLIC ACID 
DEriCIKN'CV 


Mcnn body xvciphts 


Initinl Finn! 


Iiiitinl Final 


Ad libitum controls 

40 

(;v\ 

5S.2 

0V\ 

170.S 

10 

gm 

43.1 

■i 

Inanition controls 

40 

59.4 

115.5 

14 

43.0 


Deficient 

80 

50.7 

112.7 

39 

43.5 

Hm 


The addition of sulfasuxidine to a diet has been reported 
to have an adverse effect on the bacterial synthesis of biotin 
in the rat intestine (Martin, ’42; Welch, ’42). A biotin de- 
ficiency is produced as well as inteiTerence with the utilization 
of pantothenic acid (Wright and Welch, ’44). It was for 
these reasons that a supplement of biotin, 2 pg, and calcium 
pantothenate, 150 (ig, was added beyond the aceepted normal 
requirement of the rat. 

In addition to the vitamins supplied in the basal diet and 
the supplementary pills, each animal received 3000 USP units 
of vitamin A and 24 IJSP units of vitamin D each week.* 
The animals were maintained on the basal diet and vitamin 
preparations for a period of 36 days. In the last few days 
of this period, a high death rate became apparent. Initial and 


’ See footnote 6, page 475. 
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Recent reports from this laboratory by Salmon (’54) and 
by Sanberlicb and Salmon (’55) have been concerned mtb 
tlie production of an amino acid imbalance in the rat. The 
reduction in growth due to this imbalance could be corrected 
by dietary supplements of tryptophan, but not by niacin alone. 
Prom these studies it was revealed that the tryptophan re- 
quirement of the rat is not a constant factor, but is related to 
the diet employed and in particular to the protein or nitrogen 
level of the diet. Tiyptophan is peculiar among amino acids 
because of its relationship to niacin. Therefore, it was of in- 
terest to determine whether or not similar imbalance condi- 
tions with other amino acids could be produced. 

The present report is concerned with the production of 
methionine, isoleucine and threonine imbalances in the rat. 

' Publi«bctl with the approval of the Director of the Agricultural Experiment 
Station of the Alabama Polyt^clinic Institute. Supported in part by a frrant 
from the William'^* Waterman Fund and by a contract with the XTnited States 
Atomic Knorpy Conimij>sion (no. .\T'(*10 1)*1G74), The author 35 indobtM to 
The Dow Dicmir.al Company, Midland, Michigan and E. I, du Pont de Xemours 
and Company, Inc,, Niwark, Delaware, for amino acid?, the Ledcrle E-aboratorics 
Division, American Cyanamid Company, Pearl Riror, New York, for folacin, 
the A. E, Staley Manufacturing: Company, Decatur, Illinci?, for jno«:tol, and 
Merck ,nrid Company, Inc., Kahn ay, Xew der?oy, for other vitamin*!. 
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final mean •weights for each group in the folic acid experi- 
ments appear in table 1. 

The clay before the rats were to be sacrificed, blood samples 
for complete blood counts -were obtained from all animals by 
tail bleeding. Standard hematological techniques -were em- 
ployed for these counts. The results ai’e recorded in table 2. 
Following the tail bleeding, each rat was injected intraperi- 

TADI.E 3 


Complement activitu of n7rtmin nnd folic acitl’dcfcicni anti control rats 


cnour 

FnnuM 
TOOL 3 

VITAMIN’ Hu 

activity 

K. U.* 

f?nnuM 

rooii 

roue ACID 

COMVLrMKNT ACTmTY 

K. V.- 

Ad libitum 

1 

O.OS ml of 1 :G dilution 

1 

0,12 ml of 1:G dilution 

controls 

e-5 

0.12 ml of 1 :G dilution 

2-5 

0.15 ml of 1;C dilution 


G 

0,10 ml of 1 :G dilution 




7-S 

0.14 ml of 1 :C dilution 



Inniiition 

1-2 

0.12 ml of 1 :G diltition 

1-3 

0.21 ml of 1:G dilution 

controls 

3-1 

0.20 ml of 1:0 dilution 

4 

0.24 ml of 1:C dilution 


5-8 

0.14 ml of 1 :0 dilution 



Deficient 

1 

0.10 ml of 1 :G dilution 

1 

0.24 ml of 1:G dilution 

animals 

2-3 

0.14 ml of 1 :G dilution 

2-3 

0.21 ml of 1:6 dilution 


4 

0.18 ml of 1:0 dilution 

4 

0,24 ml of 1 :G dilution 


5-G 

0.14 ml of 1:0 dilution 

5-S 

0.21ml of 1:C dilution 


7 

0.10 ml of 1 :C dilution 

9 

O.lSml of 1:G dilution 


8-9 

0.14 ml of 1 :G dilution 




10 

0.10 ml of 1:G dilution 




11-1 G 

0.12 ml of 1 ;G dilution 




* One exact unit. 

- Five rats wore used in each pool. 


toneally with 10 ml of inflammation-inciting fluid. This fluid 
was a mixture of sterile Locke’s solution and double strength 
nutrient broth in the ratio of 85 to 15 on a volume basis. 

Twelve hours after the intraperitoneal injections, the rats 
were anesthetized with ether and bled to death by the cardiac 
puncture technique. The blood specimens so obtained were 
allowed to clot and the sera were collected, pooled, and utilized 
for the determination of complement activity as described 
by Wertman, Smith and O’Leary (’54). The results of these 







Total and di/J'crcniial Icvcocj/te count of peritoneal exudates in vitamin /?„• and folic acid-drjicient and control rats 



Mean deviation. 
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gained in weight an average of 34.0 gm per week during the 
4-week experimental period. However, when 20 fo of oxidized 
casein was added to the diet and supplemented with 0.2^^ of 
Di/-tryptophan, the growth of the animals was reduced to 17.1 
gm per week (table 2, group 2). The methionine imbalance 
also produced a marked increase in the amount of food con- 
sumed per gram of gain of the animals, as may be noted 
from the ratios of food consumption to body-weight gain. 

Supplements of either methionine or vitamin Bia partly 
reversed the reduction in growth while a supplement of both 
methionine and vitamin Bi; gave essentially normal growth 
and food conversion (31.7 gm per week). Supplements of 
vitamin Bjs or methionine also improved somewhat the growth 
of rats fed the 42% peanut basal diet. 

In experiment B (table 2, groups 9 to 12), the level of 
peanut meal used in the diet was reduced to 35% to restrict 
the methionine content more rigidly. The diet was sup- 
plemented with lysine, cystine, folacin and vitamin Bjo (table 
1). This diet permitted the same growth as that obtained with 
the 42% peanut meal diet unsupplemented with vitamin Bij. 
Again the addition of 20% oxidized casein to the 35% peanut 
meal diet caused a marked reduction in growth and rate of 
food conversion of the animals despite the presence of vitamin 
Bi- in the diet (36.5 to 19.7 gm per week, respectively). Sup- 
plementation of the diet with 0.5% of Dir-methionine almost 
completely corrected the imbalance (30.1 gm per week), 
whereas, the addition of aureomycin to the imbalance diet 
had little, if any, effect. 

An amino acid imbalance of methionine was also readily 
produced in weanling rats of the AES strain when fed the 
diets emidoyed in the above experiments. The imbalance con- 
dition was also corrected by methionine. Since the results 
wore essentially the same as those obtained with the SD 
strain of rats, data were not presented. These experiments 
also revealed that rats of the SD strain were more efneient 
than rats of the AES strain in the conversion of food to gains 
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was reduced in vitamin Bjo-deficient animals as compared 
to ad libitum controls. Inanition produced a slight decrease 
in the cellular migration but not nearly as great as the de- 
crease in deficient animals. Ditlerential counts of the peri- 


TABLE 5 

Cclhtlar covxpoi^ition of hone marrow in rifami'n B^^’dcficxcnt and control rats 


noKE MAnr.ow cnLi^s 


Ad 

libitum 

DIET 

InAnltion 

Vitamin Ba 
deficient 

Total granulocytes, % 

Median 

35.2 

37.3 

33.5 


Bango 

22.fi-d5.5 

2G.C-49.C 

20.0-45.9 

Promyelocytes and 

Median 

9.G 

10.5 

9.2 

myelocytes, % 

Ban go 

7-13.G 

8-14 

C-12.C 

Metamyelocytes 

Median 

22.3 

23 

21.4 

and segmenters, % 

Bango 

14.3-27.G 

17-28.3 

13.3-27.3 

Eosinophilcs, % 

^redian 

3.3 

3.8 

2.9 


Bango 

J.3-4.3 

l.G-7.3 

1.3-0 

Nucleated red 

Median 

51.3 

■38.4 

52.8 

blood colls, % 

Bango 

45-G4 

41.3-C0.3 

45.3-CG 

Lympliocylcs, % 

Median 

8.9 

9.8 

8.3 


Bango 

G.3-12.0 

S-12.6 

5.3-12.6 

Monocytes, % 

^redian 

1.8 

2.4 

1.6 


Bango 

1-3.2 

1-4 

O.G-3 

Blast cells, % 

Median 

0.9 

0.5 

0.8 


Bango 

0-7.3 

0-2.3 

0.7 

Mast cells, % 

!^^cdian 

0.5 

0.7 

0.4 


Bango 

0-1.9 

0-1 .G 

0-1.9 

Plasma colls, % 

Median 

0.3 

0.2 

0.4 


Bango 

0-1. G 

0-1.9 

0-1.6 

Unclassified, % 

Median 

0.2 

0.4 

0.2 


Bango 

0-1.3 

0-1.3 

0-1.3 


toneal exudate revealed a lymphocytosis with a concomitant 
granulocytopenia. The granulocytes are the most active m 
phagocytosis (Menkin, ’40, ’50), so it appears that the re- 
sistance of the deficient animals might be reduced in this 
instance. 



AjMIKO ACIB IJIBAIjAXCES 


359 


(Sauberllcli et al., ’53). Therefore, the hasal diets Tvere sup- 
plemented with these amino acids. Isolencine was added in 
amounts sufficient to provide only a suhoptimal level (table 1, 
diets 5 to 8). Hemoglobin, because of its low isolencine con- 
tent, was employed in an attempt to produce an imbalance 
condition. 

From the results summarized in table 3, it may be noted 
that the addition of hemoglobin to the corn basal diet caused 
a very severe inhibition in growth. In experiment C, growth 
was reduced from an average gain of 8.7 gm per week to only 
0.9 gm by the addition of 15% hemoglobin to the 75% basal 
coi-n diet (table 3, groups 1 and 2). Supplementation of the 
diet vdth 0.55% of m>isoleucine i-eadily revei-sed the depres- 
sion in growth. 

In e.xperiment D (table 3), the content of coim in the basal 
diet was reduced to 70%, but the level of m>isoleucine was in- 
creased to 0.2% to permit increased growth of the animals. 
However, when 20% of hemoglobin was added to the diet, a 
severe inliibition in growth was again noted (16.3 vs 1.2 gm 
per week, respectively). Deaths were noted when the animals 
were maintained on the imbalance diet for periods beyond 4 
weeks. An increased addition of Di.-isoleucine (0.4%) to the 
diet prevented death and depression in growth. The amount 
of food required per gram of gain in body weight was also 
markedly increased, but was returned to normal with an in- 
creased supplementation of isolencine to the diet. 

Ejject of ihreonine imbalance on groivth of the rat 

IVlien a series of amino acids was added to a 6% casein- 
corn grits basal diet (table 1, diets 9 and 10), growth of 
we.anling rats was very markedly reduced. For example, in 
ex])oriinonl E (table 4, groups 1 to 3), growth of tlie rats fed 
the 6% casein-corn grits basal diet was reduced from an aver- 
age weekly gain of 19.6 gm to only 7.3 ,gm by tlio addition 
"f the amino acids to the diet. Howevor. the depression in 
growth was ]u-ovonted by sn]iplenientation of the diet with 
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tlie ad libitum-control rat exudate. Tlie mononuclear leuco- 
cyte count of peritoneal exudates in folic acid-deficient rats 
was 25% greater than in the inanition controls and 30% 
greater than in the ad libitum-control animals. 

Experiments 'were performed to determine ivhether or not 
“leukotaxine” activity ivas present in vitamin Bi 2 -deficient, 
folic acid-deficient and control animals. No alteration in 
capillary permeability could be delected by the jMenkin dye 
accumulation technique. In every instance, the cell-free peri- 
toneal exudate from all groups of animals produced the same 
type and degree of reaction in the skin of the rabbit after 
injection of dye. These results are in complete agreement 
ivitli those of the three previous papers in this series (Wert- 
man et al., ’53, ’54, and ’55). 

No significant diilerence in the cellular composition of the 
bone marrow of the vitamin Bjn-deficient, inanition-control 
and ad libitum-control rats was noted. These results corre- 
spond with those obtained by Wang, Scheid and Schweigert 
(’54) in their experiment using varying levels of vitamin 
Bi 2 . No marked changes were found in the bone marrow com- 
position of the vitamin Bi 2 -deficient rats as compared to the 
normal I’als (table 5). 

The bone marrow preparations of the folic acid-deficient 
rats exhibited a relative decrease in granulocytes as compared 
to the ad libitum and inanition controls. This decrease was 
caused primarily bj’’ a severe decrease in the percentage of 
older forms of the granulocytic elements, such as metamyelo- 
cytes and segmenters. There was a significant decrease m 
the percentage of Ijunphocytes in the marrow of the deficient 
and inanition-control animals. Nucleated erythrocytes in the 
marrow of the deficient rats decreased 7.0% over the ad 
libitum controls, and 8.5% over the inanition controls. An 
increase in reticulocytes was also noted in the bone marrow 
of folic acid-deficient rats. These were placed in the “unclassi- 
fied” group (table 6). 
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TABLE 4 


'EjftcX of threonine on the growth of vseanling rats fed threonine imdatance diets 
(SB ratsj 4-Tveek experimental period) 


CROUP 

NO. 

BASAL 

DJIIT 

i;o. 

DIET 

NO. or 

EATS 

AY, 

GAIN/ 

EAT/VTK, 

AV. PAILT 
rOOD CON- 
SmtPTION/ 
RAT 

G3f FOOD 
INGESTED 

GM GAIN 

1 

9 

experi:meot e 
6% Casein 5 

ffm 

19.6 

ffm 

9.0 

3.1 

2 

10 

6% Casein -f- 
amino acids 

0 

7.3 

3.8 

3.7 

3 

10 

Same as group 2, 

+ tkreonine * 

5 

18.0 

5.9 

2.3 

4 

10 

Same as group 3, 
lysine omitted 

5 

19,0 

8.5 

3.1 

5 

10 

Same as group 3, 
histidine omitted 

5 

22.5 

7.4 

2.3 

6 

30 

Same as group 3, 
isoleudne omitted 

5 

IS.O 

6.4 

2.5 

7 

10 

Same as group 3, 
leucine omitted 

5 

24.3 

pi 

bo 

2.3 

8 

9 

EXPERIMENT F 
6% Casein 4 

18.4 

7.9 

3.0 

0 

9 

6% Casein + T 
+ M’ 

4 

18.2 

S.l 

3.1 

10 

11 

0% Casein -f amino 
acids 

5 

10.4 

6.S 

4,6 

n 

n 

Same as group 10, 
threonine 

4 

23.S 

8.3 

2.4 

32 

32 

F.xrr.uiMr.KT g 
lore Casein i 

22.4 

9.1 

2.S 

33 

33 

10^ Casein 4- 
amino acids 

4 

12.9 

7.2 

3.9 

74 

13 

Same a*? group 13, 
-f threonine 

3 

22.6 

8.G 

2.7 


* K.'Thri'nnUic, Fup]>)i’mentc»l nt n Ji vcl of 4 diet. 

*T tz VI trvptoplinn, 1 dirt ; M ~ ri.-nu'tJjiorano, 3 po/lip did. 
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4. The vitamin Bj; deficiency appeared to liave a marked 
effect upon the types of leucocytes migrating to tlie site of 
inflammation. There was a marlced lymphocytosis and granu- 
locytopenia in the exudates of the vitamin Bi 2 -deficient rats. 
The inflammatory exudates of the folic acid-deficient rats 
showed a relative decrease in number of pohnnorphonuclear 
leucocytes and a relative increase of mononuclear leucocytes. 

5. Xo alteration in capillary permeability, as measured by 
Menkin dye accumulation technique, was noted in either vita- 
min Bj 2 - or folic acid-deficient rats. 

6. Xo significant change was observed in the cellular com- 
position of the bone marrow of the vitamin Bio-deficient or 
inanition-control animals as compared to the ad libitum- 
control rats. 

7. The bone marrow preparations from the tibias of the 
inanition and folic acid-deficient rats presented a relative 
decrease of lymiphocytes. A severe decrease in relative num- 
bers of metamyelocytes and segmenters, a slight decrease in 
promyelocytes and myelocytes, and an increase of reticulo- 
cytes were noted in the bone marrow removed from the tibias 
of folic acid-deficient rats. 
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by the animal to remove the excess unused amino acids. In 
so doing, tryptophan was also lost. 

In an attempt to determine further the effect excess amino 
acids may have on the imbalance phenomenon, adult rats were 
placed on a protein-free diet (table 1, diet 14). Other groups 
of animals received this diet supplemented with proteins 
deficient in certain amino acids, or with glycine, or with urea. 
Under these more pronounced conditions, one could then, 
perhaps, determine whether or not excess amino acids exerted 
an effect by causing an increased urinary loss of amino acids 
limiting to the animal. Such losses of amino acids may then be 
reflected in an increased rate in loss of body weight and a 
reduced survival time of the animals. 

Results of such a study are summarized in table 5. The 
data indicate that rats fed the diets supplemented with amino 
acid-deficient proteins, glycine or urea lost weight at no 
greater rate than animals fed the protein-free diet. Similarly, 
the excess amino acids or nitrogen did not reduce the survival 
lime of the animals. The hemoglobin values of aU animals 
remained near normal for a period of at least 11 weeks, even 
with the complete absence of protein in the diet. Food con- 
sumption of the animals also remained surprisingly high 
throughout the experiment. 

Plasma amino acid levels of rais fed 
certain imbalance diets 

Summarized in table 6 are levels of several amino acids in 
the plasma of rats fed certain imbalance diets. In experiment 
I, rats were fed the methionine-imbalance diets. Fi'om these 
e.Nperimcnis, it was noted that the methionine level in the 
])lasma was not afTected by the addition of 20^'c oxidized casein 
to tlio diet. The supplementation of the peanut meal-oxi- 
dized casein diet with O.ofc of nir-methionino increased the 
level of methionine from lO.G to 20.6 ag/ml of plasma (table 
(i. groups 2 and 3). Only the i/-isomer of methionine was 
measured in the microbiological method employed. The ad- 




AMIXO AGED laiBATiAXCES 


365 


dition of vitamin B 12 to the imbalance diet increased the 
plasma level of metbionine to 15.2 pg/ml. Supplementation 
of tbe basal peannt meal diet metbionine likewise 

produced a very marked increase in tbe concentration of 
metbionine in tbe plasma (10.4 to 18.6pg/ml). Vitamin Bis 
supplementation also produced some increase. 

Tbe valine level in tbe plasma, however, was increased 
nearly three-fold by tbe addition of oxidized casein to tbe 
basal peanut meal diet (8.4 to 24.6pg/ml). Supplements of 
metbionine or vitamin Bio to tbe diets bad little effect on tbe 
level of valine in tbe plasma. 

In experiment J, the metbionine, proline, tryptophan and 
valine levels were determined in plasma from adult rats fed 
a 20% normal casein diet or a 20% oxidized casein diet sup- 
plemented vdtb both tryptophan and metbionine or only 
with metbionine for a period of three weeks. Tbe plasma 
amino acid levels of rats fed tbe casein diet or the fully 
supplemented oxidized casein diet were essentially tbe same, 
except for metbionine. Tbe metbionine level was somewhat 
higher for rats fed tbe casein diet. This may be related to 
tbe level of DL-metbionine added to the oxidized casein diet. 

AYben tryptophan was omitted from tbe diet, the plasma 
amino acid levels were considerably lowered. This occurred 
despite tbe fact that tbe animals were consuming considerable 
quantities of amino acids, in addition to losing in body weight 
an average of 24 gra per week. Thus, tbe animals apparently 
were capable of removing from tbe blood stream considerable 
quantities of amino acids despite tbe dietaiw deficiency of 
tryptoidiau. 

Effeci of iri/ptophan imbalance on nroivth of ihe mouse 

.■\n amino acid imbalance was also produced in tbe mouse 
by tbe use of casein-oxidized casein diets. Results of those 
studies arc presented in table 7. "Wben mice were fed an 
SY casein diet, growth of S.4 gm was obtained in 4 weeks. 
The addition of 26% of oxidized casein to the diet, supple- 
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ing studies tlirougli successive generations. Matings were 
set up witii one male and two female rats per cage. When 
pregnancy was recognized visually, bj' palpation, or from 
weight increments, the females were transferred to individual 
cages. If ju-egnancy was not established by the third week, 
the male was replaced. Following three (or occasionally 4) 
unproductive trials with females of laiown fertility, males 
were considered sterile and retired. Females were continued 
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for a minimum of 6 matings with fertile males, even though 
some failures may have intervened. 

Lactation was permitted for three weeks. Following wean- 
ing, death, or destruction of their litters, the females were 
allowed a one-week rest period before remating. In succes- 
sive matings, the males Avere rotated among the females within 
their respective test groups. 

As indicated in figure 1, matings continued in the Fo gen- 
eration throughout the entire two-year period. First littei’S 
were discarded at Aveaning. From the second litters of as 
many different mothers as possible, 10 rats of each sex Avere 
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ing action on metliionine in the present experiments as iras 
observed by the grovth and corrective effects on the amino 
acid imbalance. When the methionine level in the diet ivas 
sufficiently reduced, an imbalance vas produced even in the 
presence of vitamin B 12 - The addition of methionine to the 
diet corrected the imbalance. 

Trj-ptophan imbalances are similar to methionine in this 
respect (Salmon, ’54; Sauberlich and Salmon, ’55). When the 
level of tryptophan in the diet vras reduced sufficiently, an 
imbalance condition ivas produced regardless of the presence 
of niacin. Under these circumstances tryptophan, but not 
niacin, corrected the condition. 

The imbalances of isoleucine and threonine were produced 
without any apparent tmique vitamin-amino acid interrela- 
tionships. These results suggest that the imbalance effect 
may be a general phenomenon associated with specified condi- 
tions for probably most of the essential amino acids and pos- 
sibly even for some of the “non-essential” amino acids. Re- 
sults of the present study emphasize again that the amino acid 
requirements of the rat are not constant factors but are re- 
lated to the diet employed and in particular to the protein or 
nitrogen level of the diet. Such an effect was demonstrated 
previously in this laboratory for the tryptophan requirement 
of the rat (Salmon, ’54; Sauberlich and Salmon, ’55). The 
mouse also appears to be subject to the effects of an imbalance 
in tryptophan. Although determinations of the quantitative 
increase in the requirements for methionine, isoleucine or 
threonine under tlie imbalance conditions were not made in 
the present investigation, such increased requirements are 
evident. 

Several ])ossible explanations were previously offered for 
the increased demand for tryptophan (Salmon. ’54; Sauber- 
lich and Salmon, ’5.5). Such explanations are also applicable 
to the increased requirements noted for methionine, isoleucine 
and threonine. For example, a possible explanation was that 
m the absence of sufficient trj'ptophan to permit a balance 
of the ingested amino acids for synthesis into tissue proteins. 
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This was corrected by supplementation of the diet with the 
corresponding amino acids, 

5. Plasma levels of methionine were not altered by the 
methionine imbalance. Tryptophan deficiency, however, caused 
a reduction in plasma amino acids. 

6. The survival of adult rats fed protein-free diets was 
not influenced by supplements of certain amino acid-deficient 
proteins, glycine or urea. 

7. An amino acid unbalance was produced in weanling 
mice fed a casein-oxidized casein diet. This imbalance could 
be largely prevented by supplements of tryptophan to the 
diet. 
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Adtlilioiial siijiporl for iliis conclusion may he seen in table 
2. Here are shown the ranges in total number of litters cast 
throughout the two-year period by the females in the Fo 
generation, not limited, as in table 1, to the first 6 matings. 
Some produced as many as 9 litters whereas otliers, distiabiitccl 
rather uniformly among the test and control groups alike, 
proved to be sterile or nearly so. It may further be seen 
in table 2 that at least half of the females in each group (with 
two exceptions) gave birth to 4 or more litters. However, 
there was a tendency toward diminished productivity (in 
terras of numbers of litters) in groups receiving certain of 
the emulsifiers at the 20% level. The emulsifiers concerned, 
in increasing order of this effect, Avere Tween 60, TAveen SO, 
and j\Iyrj 52. It is pertinent to note that in these groups a 
distinct laxath^e response Avas seen. The feces of the affected 
rats Avere of Amrying degi’ees of softness, sometimes sulli- 
ciently fluid to be characterized as frankly diarxdieal. Con- 
comitantly, A’ariablc degrees of perianal inflammation and 
irritation deAmloped. 

Since the rats in the Fo generation Avore iiermitted to mate 
as long as they Avere productive, additional data on reproduc- 
tiAm efiicicncy Avere obtained, namely tbe age at AA'hich loss of 
fertility occurred. This Avas estimated on the basis of tAVO 
successh’e mating failures, specifically as of tbe day Avhen 
the second mating Avas definitely established to be non-iu’o- 
ductive. While tbe precision of this estimate is far from 
exact, the data are nevertheless of interest. Table 3 shoAA's 
that the Fo females Avere roughly 450 ± 50 days old Avben 
their sterility was established. No significant ditferonccs 
AA^ere observed among the control groups and those receiving 
either 5 or 10% of emulsifier in their diets. While some 
tendency for a reduction in duration of fertility AAms noted 
Avith an increase in tbe emulsifier level to 20%, this Avas not 
marked, the average duration being in no case less than 3x6 


days. 

Viability of the offspring. Eeturning to table 1, it can be 
seen that the size of the litters, AAdiich ranged from 7.7 to 
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TWO FIGtmES 

(Eeceived for publication Febmarr 20, 1956) 

INTEODUCTION 

Calcium utilization and bone mineralization are greatly 
reduced ■when the dietary protein is low in either quality or 
quantity (McCance et al., ’42; Desikaebar and Subrahmanyan, 
’49; Prandsen et al., ’54). Poor calcium utilization also occurs 
on diets deficient in one or more of the essential amino acids 
(Bavotta et al., ’54 and Haggar et ah, ’55). These amino 
acid insufficiencies result in a narroiving of the epiphyseal 
cartilage plate due to the reduction of cartilage cells, and a 
marked osteoporosis in both the epiphysis and diaphysis of 
the femur. Similarly, structural changes in the intestinal 
wall or a reduction of pertinent enzymes resulting from severe 
protein lack, or both, may interfere with mineral absorption. 

Short term interactions between proteins or protein deriva- 
tives .and calcium are indicated from the studie.s of Lehman 
and Pollack (’41-*42). These investigntor.« observed that 3 - 
amino acids increase tiio solubility of calcium salts and pro- 

'On ri'^ifTmirra froiu the United St.Ttes .\ir Force Vctcrir.nrr Cor\<*. 

’V iidcr c'larr.ct vcith th>' United Str.te« Atomic Unerjv Corrirr.j^ior.. 

I I 
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Lactation. At the 5% level of emulsifiers the L.T. values 
varied from So to 93%; at the 10% level the range was 88 
to 96%, and at 20% it was 74 to 100%. Thus lactation effi- 
ciency, while quite high at all levels of emulsifiers, was mod- 
erately reduced in a few of the 20% groups, notably !Myrj 45 
and Tween G5. An indication of possible impairment of lac- 
tation at this feeding level may be seen in the somewhat 
lower weaning weights of the young. That neglect of the 
litters was a more significant factor than lactation failure 
per sc is evident from the relatively greater drop in the V.I. 
values than in those for L.I.. This was manifest to some 
extent even at the 10% emulsifier level. A much larger pro- 
portion of deaths among the newborn occurred .shortly after 
birth, i.e. up to 4 days of ago, than during the remainder 
of the 21-day nursing period. It would appear at least likely 
that the laxative effect with concomitant posterior ventral 
irritation at the high dosage level of some of the surfactants 
may also have had an advmrse influence on the interest of 
the dams in caring for their offspring. 

Reprodnctioii and lactation in successive generations. The 
effect of the emulsifier diets on reproduction and lactation 
were made in rats of three generations descended from the 
first or parent generation (Fo). As previously described, 
groups of 10 males and 10 females selected from the second 
litters of each generation constituted the progenitoi’s. The 
data for the Fi and Fo generations are summarized in tables 
5 and 6, respectively. Since the breeding experiments after 
the Fo generation were terminated when the second litters 
Avmre weaned, the figures shown in these tables represent 
not more than two litters from each female, i.e. the product 
of 20 matings per group. For comparison, the responses to 
the first two matings in the Fo generation are shown in table 
4; these observations are quite similar to those shoAvn m 
table 1 for the first 6 matings in the initial generation, except 
for fertility which, as might be expected, tended to diminish 
as the rats grcAV older. In fact, comparison of tables 1 and 
4 demonstrates that much of the relevant information on 
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Aiitli hydrocMoric acid and all test solutions in each series 
were adjusted to equivalent acidities. Other reagents were 
C. P. grade. 

RESULTS 

Tables 1 and 2 show the effects of essential and certain non- 
essential amino acids on the accumulation of Ca*^ and Sr®® 
in rat femurs following simultaneous ingestion. Since the 
percentage increase was similar for both and Sr®®, a 

TABLE 1 


Effect of essential amino acids on the accumulation of Ca^ and Sr*^ in rat femurs^ 


TREATJIEKT 


Sr‘® 

INCREASE IK 
Ca»=^ AKD 

Ca^/Sr* 

IK 

FEMITB 


(Vc of done 
in femure) 

f^c of done 
m femurs) 

(^c of control) 


Control 

4.6 ± 0.2 

2.8 2: 0.1 

100 

1.63 

L'Lvfiinc 

8.0 0.4 

o 

■fl 

382 

1.4S 

L-Argininc 

7.4 i 0.3 

5.5 2: 0.4 

176 

1.33 

L'Tryptopban 

0.4 

4.5 2: 0.4 

359 

1.62 

I.* Leucine 

O.G P: 0.2 

4.0 2: 0.3 

342 

3.62 

L-lIistidine 

0.3 :t 0.2 

3.3 2: 0.1 

32C 

1.89 

I -Melhioninc 

6.0 2: 0.3 

3.1 2: 0.2 

119 

1.96 

L'Isolcucinc 

5.3 ± 0.2 

3.1 2: 0.3 

332 

1.70 

I.* Valine 

5.4 2: 0.2 

2.9 2: 0.1 

330 

1.84 

t.'TUrcouine 

5.1 2: 0.2 

2.9 2: 0.2 

107 

1.78 

l,'Phenylabin5nc 

5.3 ± 0.2 

2,8 2: 0.2 

105 

1.91 


*\»nlu(*8 represent moan ri: standard error of the moan; S animals per group; 
moan body wt, = 02 1 pm; mean femur a?h wt. = 1S4 4 mg; dose contained 

U) inp carrier CaCl. and 0.S4 milUmolcs of amino acid. 


single average value is given for brevity. It will be noted 
that lysine and arginine were most effective in promoting the 
a))penranco of the radioisotopes in the bone; these two amino 
acids almost doubled the C.a''' and Sr"^® values in the femur. 
I ryptojihun. leucine, and aspartic acid wore also approeiably 
effeclive. The other amino acids studied had lesser or no 
significant effect. It should be noted that tho administration 
of ly.'jine resulted in an occasional diarrhea; this was not 
observed with any other amino acid. 
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Table 3 summarizes a comparison of lysine, arginine and 
leucine vitb other organic compounds that have been re- 
ported to influence calcium absorption. It may first be noted 
that the results rsith the amino acids shoired good agreement 
with other experiments (tables 1 and 2). Of particular in- 
terest was the action of lactose, which was more effective 
than either lysine or arginine, and which increased the radio- 
isotope content of the femur by a factor of about 2.5. The 
lactose effect on calcium absorption and utilization has been 
generally accepted and recently emphasized by F oumier ( ’55) . 


TABLE 4 

'Effect of hjsxne on femur accumulation of oral ror^is par€nteranif 

Ca^ and 


THT-AT- 

MF.KT 

METiion or 

Ca^AS'DSr^ ' 
AI)MIK1ST^.ATI0^' 


Sr^ 

AVERAGE 
INCRRAPK rX 
Ca^ AKD Sr'® 

Ca»/Sr^ 

IK 

rEJtUE 



(^c of dofe 
in ffinursj 

( *yc of doxe 
in femur) 

(*fc of control) 


Control 

Oral 

4.4 :2: 0.4 

2.5 2: 0.3 

100 

00 

L- Lysine 

Oral 

S.O ± 0.2 

5,4 2: 0.1 

199 

1.47 

Control 

L P. 

8.2 :i: 0.3 

7.5 2: 0.3 

100 

1,10 

L- Lysine 

L P, 

9.0 2: 0.3 

7.7 2: 0.1 

107 

1.17 


'Valut'S represent moan ± stnntlard error of the mean; C animals per group; 
mean body = 13S ± -i gm; mean femur ash wt. 229 ±: 14 mg; dose contained 
10 mg CaCl, and 0.84 milUmolcs of amino acid. 


Tile sodium lactate and sodium gluconate showed only small 
positive effects; the vitamin B mixture and sodium citrate 
had no effect. The negative results with citrate tend to cor- 
ro])ornle the findings of Antoni and Cremer ('55). 

The appearance of ingested Ca^-' and in the bone can be 
theoretically related to absorption from tbe gut, and also 
to any other processe.s concerned with the removal of the 
radioisotopes from the blood; for example, exchange into 
extra vascular spaces and excretion. When animals to be 
eoinjiareii are under similar physiological conditions, it is 
^'rticrnlly accepted that the a]ipearance of ingested Ca*-* and 
Sr ' in hone is ;i reliable iiulex of absorption of these radio- 
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rcprocliiction and lad al ion can be obtained from only the first 
tAvo litters in a generation. 

Comparison of the I'eproduction data in tables 4, 5, and 6 
shows that the responses in the three successive generations 
were quite similar. The i^roportion of matings resulting in 
^jregnancy tended to be lower at the 20% emulsifier level al- 
though this effect was less noticeable in the case of Myrj 45 
and Span 60 than in the other emulsifier groups. That the 
third generation was generally less productive tlian the first 
tAvo may be seen in the loAver F.I. Amines for the Priinex as 
AA’cll as the emulsifier groups. 

Nearly, if not exactly, 100% of pregnancies Avent to term 
in all generations. The trend toAA’ard higher mortality during 
the 4 days post partum as the level of emulsifier increased, 
Avas not as marked in the Fi and Fo as in the Fo generation. 
The proportion of nurslings surAUA'ing the lactation period 
Avas reduced in some cases in the F- generation at the 20% 
emulsifier leAml (e.g. klyrj 45, Span 60, TAveen 65). 

Compared Avith the other 20% emulsifier groups, the one 
receiving TAveen SO evidenced a striking superiority in re- 
spect to surviAml of young from birth to Aveaning age; whereas 
the Myrj 45, Tavccu 65 and mixed emulsifier groups appeared 
to respond most poorly. 

Reproducthm performance in general appeai'ed to he in- 
ferior in the third generation rats compared to their pro- 
genitors, in both the emulsifier and Primex series. 

The reproductive performance of the Fg generation aams 
not investigated because the rats in this generation Avere sacri- 
ficed either at Aveaning or at the end of the 12-Avoek groAvth 
period. 

The effect of increasing the fat level of the basal diet on 
post-partum survival. In order to determine AA'hether the 
effects obseiwed at the 20% emulsifier levels, especially in 
relation to fertility and viability, might have been due to 
the loAv (4.0%) fat content of the basal, unsupplemented diet, 
further tests Avere conducted on the Fo genei’ation rats after 
their second litters Avere Aveaned. These groups of about 10 
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however, that the calcium and strontium ions do not respond 
equally to the processes causing the increased absorption. 
This may be related to ionic characteristics, the presence of 
the carrier calcium, or discriminating processes in the absorp- 
tion mechanism. 

Figure 2 presents a dose-response curve for lysine and the 
Ca^^ and Sr®°. The conditions of this experiment were the 
same as those previously described, with the exception that 



Fig. I Scnttcrgrajn of the correlation between the Ca* :Sr* ratio and percentage 
incrcaso in accumulated and in rat femurs. Mt* = average percentage 
of Ca** and Sr'* in bones of treated group and Me* 3= average percentage dose 
of Ca** and Sr” in control group. Bt/B^ — Ca*:Sr* ratio in treated group divided 
by Ca*:ST* ratio in control. 


(ho carrier CaCU was increased to 60.8 mg to reduce the 
otToct of endogenous calcium. The varying amounts of irlysine 
and the molar ratios of irlysine to CaCb are sbovoi in the 
grapli. There appeared to be little effect at a lysine to 
calcium molar ratio of loss than one half ; the greatest increase 
in absorption occurred as the ratio increased from 1 to 2. 
This suggests that the action of lysine is other than that duo 
to a vitamin-like stimulation; one would expect a much lower 
effective lysine to calcium ratio if this wore true. 
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males and 10 females were divided into two subgroups. One 
was allowed to continue on the same diet, whereas the other 
received an addition of 9% of Primex (the level computed 
as isocaloric with 20% IMyrj 45), in replacement of an equal 
proportion of the wheat and corn component of the basal 
diet. These subgroups were then mated as before to produce 
two additional litters from each female. 

Table T shows the number of matings actually set up in 
each subgroup and the results of those matings. Tliere was 
no consistent relation between, the responses of the 20% 
emulsifier groups to the third and 4th matings as compared 
to the first two (table G). The F.I. values rose in two cases 
(Span 60 and Tween GO), fell in throe groups (jMyrj 45, 
Tween 80 and the i^lixture), and were practically unchanged 
in the other two groups (Jvlyrj 52 and Tween 65). The V.I. 
values dropped in three instances (ISIyrj 52, Span GO and 
Tween 80) and showed little or no change in the remaining 
groups. However iinprovcjuont in lactation was observed in 
all groups with the exception of the Tween 65 group which 
fell otf somewhat and the Tween 80 group which, quite sur- 
prisingly in view of its previously high L.I. values, showed 
complete failure. 

As regards the influence of the addition of dietary fat on 
the reproductive responses, it is apparent from the F-I. values 
in table 7 that little if any increase on the proportion of suc- 
cessful matings was observed. Post partum survival was 
improved in 4 of the emulsifier groiTps (hfyrj 45, Span CO, 
Tween 60, and Tween 80) as a result of the addition of fat, 
wdiile the remainder showed little change. No striking effects 
on the L.I. values were observed from the addition of fat to 
the 20% emulsifier diets with the exception of the Myrj 52 
and Tween 65 groups where decreases were noted. 

In considering these somewhat erratic responses to fat 
supplementation in the third and 4th matings it is necessary 
to take into account the fact that the subgroups were of smaller 
size than the original groups. In any event it can be stated 
that the most common finding appeared to be improved via- 



AillXO ACIDS AXD CALCIIjM ABSOEPTIOS- 


379 


provided "by tlie amino acid is primarily responsible for tbe 
increased mineral absorption. 

Examination of tbe metabolic and pbysicoebemieal charac- 
teristics of these compounds as related to their effect on 
mineral absorption permits some limited interpretations con- 
cerning the mechanisms. The theory of Lehmann and Pollack 
(’41- ’42), relating increased mineral absorption to the in- 
creased solubility of the calcium salts in the presence of 
a-amino acids, cannot entirely explain the present data. 
Gh'cine, u'hich has a pronounced solvent action on calcium 
salts, vas relatively ineffective in these studies. Except for 
the diearboxylic amino acids, the other amino acids, especially 
the basic types, would probably be no more effective than 
glycine in the solution of calcium salts. Complex formation 
between the amino acid per se and the mineral also cannot 
alone account for the present observations. This is based 
on inferences from the data of Li and Doody ( ’52) in which 
it was shown that lysine and arginine form unstable complexes 
with the cupric ion, whereas glutamic acid forms a stable 
complex. Preliminary observations in this laboratory indicate 
(hat calcium and strontium are similar to copper in this 
respect. Since lysine and arginine (isoelectric points of 9.74 
and 10.7G, respectively) are in the cationic form under the pH 
conditions of the intestine, strong complex formation between 
these basic amino acids and calcium would be theoretically 
nnexiKwted. As pointed out by Greenberg (’44), in the main, 
electrostatic forces can be considered as acting to prevent or 
rtdard the ionization of alkaline earth cations. From these 
considerations, it appears that the effectiveness of aspartic 
acid and frlutamic acid may be related to complex formation, 
but one must look elsewhere to understand the mechanism 
of (he stimulation by lysine and arginine. 

rile \)assago of the amino acid itself through the gut barrier 
is ijuite likely associated with its effect on mineral absorption. 
It has been shown with everted gut sacs in vitro that glycine 
and the i.-isomers of alanine, phenylalanine, methionine, his- 
tidine, isolencine, and proline are “actively** transported 
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were noted, liowever. For example, the relatively low L.I. 
values for the basal control group in the Fi generation, for 
the 10% Primex group in the Fo generation, and for the 5 
and 20% (hut not the 10%) j\ryrj 45 groups in the Fj genera- 
tion. These scattered observations were not limited to the 
emulsifier groups nor were they graded to dosage level. 
They may therefore he regarded as falling within the range 
of normal biological variation. 

SUMJfARy AND CONCLUSIONS 

Breeding studies were undertaken in successive genera- 
tions of rats on diets containing partial ester emulsifiers 
(l\Iyrj 45 and 52, Span CO, and Tween GO, 65 and SO) to de- 
termine whether their chronic ingestion at levels up to 20% 
might induce cumulative or subtle effects manifested only 
under the conditions of physiological stress thus imposed. 
The responses were assessed, inter oVia, in terms of indexes 
representing the proportions of matings resulting in preg- 
nancy (fertility), pregnancies resulting in live litters (gesta- 
tion), young remaining alive at 4 days (viability), nurslings 
weaned in relation to the number alive at 4 days and their 
weights at weaning (lactation). 

On the average, 7 out of 10 matings were successful in 
both control and emulsifier groups, regardless of the level 
of dietary supplementation. Practically all pregnant rats 
cast live litters. The reproduction and lactation responses in 
all emulsifier groups at the 5% level were no different from 
those of the controls. Probably because of maternal neglect, 
survival of newborn litters was somewhat diminished m 
several of the emulsifier groups at the 10% level (Myrj 45, 
Span 60, and Tween 65) and in all of them at 20%. At the 
highest level some impairment in lactation efSciency was 
evidenced in most groups by the lower weaning Aveights; 
and in the Myrj 45, Tween 65, and mixed emulsifier groups 
also by greater mortality of the nurslings. 

Similar responses with respect to survival and lactation 
were noted in the tivo succeeding generations. Despite the 
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The effect of lactose on calcinm absorption and ntilization 
las not been definitively explained. Fournier (’55) suggested 
that lactose, galactase, and certain pentoses increase calcium 
utilization by a favorable metabolic effect on ossification; 
however, the foregoing studies were of longer duration than 
those reported in this paper and may not be entirely applicable. 
More classical explanations of lactose action involve the 
formation of a more acid condition in the gut, which in turn 
promotes calcium absorption (Maynard, ’51). (xlueonate and 
lactate probably increased the absorption of Ca^^ and Sr®® by 
virtue of the greater solubility of the salts; little is known 
of the transport mechanism for either lactate or gluconate. 
Citrate, wliich forms a soluble complex with calcium, did not 
increase Ca"*® or Sr®® absorption. This would suggest that 
complex formation is not necessarily a decisive factor in 
promoting mineral absorption. Other factors, such as the 
movement of the complex itself, must be considered. The lack 
of effect from the administration of vitamin B was expected 
since the tost animals were not depleted of these nutrients 
under the present experimental conditions. 

Although the practical implications of these results are not 
clear at this time, the data certainly offer an additional ex- 
planation for the favorable effect of protein or protein deriva- 
tives on calcium metabolism. Further studies are in progress 
to elucidate the mechanism of action, and to observe inter- 
velationshi])? with other factors, such as vitamin D and 
phosphorus. 

SUMMARY 

1, Eighteen amino acids, including those essential for 
the rat, were assayed for effect on the gastrointestinal absorp- 
tion of Ca^-’ and Sr*'®. The minerals and amino acid were 
ingested simultaneonslv; radioassay values for the femur 
obtained 24 hours after dosage were used as a measure of 
absorption. 

2. ly-Lvsino and i.-argininc were the most potent in promot- 
ing mineral absorption, approximately doubling the Ca'® and 
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cernible destruction of amino acids. Consequently, several 
procedures vere developed to take into account the enzymatic 
availability of component amino acids (Dunn and Rockland, 
’47; Anderson and Williams, ’51; Horn et ah, ’52; and Halevy 
and Grossowicz, ’53). The results obtained with these methods 
generally did not correlate well Avifh the biological value of 
proteins as determined by rat assay. The values reported by 
Horn et al. ( ’52) were in good agreement with the relative 
protein efficiency of heat processed cotton seed meals; how- 
ever, no evidence was ixresented concerning the general ap- 
plicability of the method. 

A procedure for the in vUro estimation of the net utiliza- 
tion of iDroteins was I'eported by Sheffner et al. (’55, ’56). 
This method referred to as the Pepsin Digest-Residue (PDR) 
index was derived by integration of the pattern of amino acids 
released by in vitro pepsin digestion with the amino acid pat- 
tern of the remainder of the protein. The new index gave 
excellent correlation with the net utilization value of the 
proteins studied. The present study demonstrates that the 
PDR index also measures changes in net protein utilization 
which occur during heat processing and storage. 

JIETnODS AND ^rATERIALS 

Acid and allcaline liydrolysates and enzyme digests were 
prepared as previously described (Sheffner et al., ’56), ex- 
cept that pancreatin (USP) was used Avhere tryixsin was 
formerly indicated ; also, allmline hydrolysis for tiyptophan 
and tyrosine was extended to S hours at 120°C. with 5N 
NaOH. Nitrogen was measured by a macro-Kjeldahl pro- 
cedure in which mercuric oxide was used as the digestion 
catalyst. Individual amino acid analyses were performed by 
the microbiological procedures of Sheffner et al. (’48) as 
subsequently modified (’56). 

The test protein materials used in tliis study were : vitamin- 
free casein,^ low-temperature solvent-extracted soybean meal 

^Labco brand, The Borden Company, 
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Tlie energy content of a ration appears to exert a consid- 
eralile influence upon both, food consumption and protein ntil- 
ization. Several experiments ivitb the chick have indicated 
that the productive energy content of the ration is a major 
factor in controlling feed intake. Hill and Dansky (’50, ’54), 
and Dansky and Hill (’51), have pointed out the remarkable 
ability of the chick to compensate for reduced dietary energy 
level by increasing feed consumption. Similarly, Peterson 
et al. (’54) noted that feed intake increased to satisfy the 
energy needs of chicks, though when the rations vere of a 
very low energy content the birds were unable to consume 
sufficient feed to satisfy their energy requirements. 

Investigations relating to the effects of energy levels on 
food consumption, in species other than the chick, have not 
boon widoly developed. Hegsted and Haffenretfer (’49), 
working with rats, stated that, “the food intake of an ani- 
mal is governed by means yet unknown at a certain percentage 
above its normal basal metabolism.” In the same paper it is 
suggested that, “the mean daily calorie intake varied as the 
moan body weight raised to the 0.8S power.” Cowgill (’2S) 

’StipporfiA in p.irt by a prrvnt from tlic Xntion.U Ef^carcb Council of Cannla. 

• ihf' nro to Kofrmnr*n*La Tlorhn Ir.r., Xctt 

Inborn toriop Amorirr.n Cvnnnir.itl Pnrl iJivA-r, Yor):, 

More); Co., Inc,. MontronI, CAr.nJ.a to C!inrlo5 Albert Prr.ilh, Toronto, 
Cnnn'ln for the vitnnur.'^ in thi'^ f\p^ri?T; 
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lermined by the Mitcliell (’24) method of nitrogen balance 
in rats were similarly lowered. The PDR index of casein was 
not appreciably changed Avlien the casein was autoclaved at 
250°F, for 30 minutes or for 20 hours. Ret utilization values 
were not obtained for these samples; however, Chick et al. 
(’35) reported little, if any, change in the biological value 
or digestibility of casein heated at 250°F. for as long as 72 
hours. 

The effect of processing and storage upon beef and a beef 
with spaghetti mixture is presented in table 2. For fresh 
raw beef, a PDB index value of 76 was obtained. This checks 
closely with the net utilization values obtained by Mitchell 


TABLE 1 

T/ic effect of heat treatment upon the TI)Jt index and net of casein 


THE ATM K N’T 

ror. INDEX 

NET 

UTILK-^TION 

None 

08 

82 

Oren, 350 40 min. 

GO 


Oven, 350 1 hr. 

30 

44 

Oven, 350®F., 5 hrs. 

23 

24 

Autoclave, 250 ®F., 30 min. 

71 


Autoclave, 250 ®F., 20 hrs. 

GO 



and co-workers (’49) and Mayiield and Hedrick (’49). Pan- 
fried beef was not significantly different from the control. In 
this respect, both Mitchell et al. and Mayfield and Hedrick 
have reported that roasting does not reduce the net utilization 
of beef protein. In the ease of the mixed beef and spaghetti, 
there was a decrease in the PDR index from 72 to 66 following 
processing and a further decrease to 60 after storage for 6 
months at 11S°P. These changes in PDR index reflected the 
drop in net utilization as measured by rat assay. 

The PDR index and net utilization value of raw and heated 
soybean meals are presented in table 3. The PDB index of 
soybean meal steamed for 30 minutes was the same as the net 
utilization value. Soybean meal autoclaved for 8 hours showed 
an equivalent decrease in both the PDB index and the net 
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Feces were collected daily, dried in an air oven at 105°C. and 
then ground to a fine powder. 

TABLE 1 


IRattons fed during acclimaiisafion and metaboUsm "periods 



RATIOS' 1 

RATIOS' 2 

Nitrogen source ”A'', ' % 

15.2 

15.2 

Sucrose, % 

54.8 

44.8 

Alpbacel,* % 

20.0 

30.0 

Mazola oil, % 

5.0 

5.0 

Salts * % 

4.0 

4.0 

Vitamin mix,* % 

1.0 

1.0 

Analysis 

Gross energy, CaL/gca 

4.22 

4.23 

Nitrogen content, gm % 

2.07 

2.0S 


' Sitro^^cu Fourcc Cnscin 58.7 gm (^SgmX)^ lactalbumin GS.8 gm 

(^8gmX), Db-mctbiomnc 0.3 gm, i/'histidino KCl 1.5 gm, Dirtbieonine 1.0 gm- 
Calculatcd to supply the amino acid requiTcments of the rat when expressed as a 
ratio to lysine := 1.0 (Rose, ^3S; Block and Bolling, '51). 

’Alphacel ''non*nutriUve cellulose.” Xutritional Biochemical Corporation, 
Cleveland, Ohio. 

‘Jelinck et al., '52. 

‘Vitamin mix modification of Jclinek ct al., '52. Vitamin at a level of 
0.03 mg/kg of food replaced Wilson's whole liver powder. 

RESULTS AXD BISCUSSIOX 

The data which follow refer solely to the 7-day metabolism 
period. Table 2 lists the principal mean values oblaiued dur- 
iug this experiment. The initial weight of the rats was the 
weight al the start of the 7-da3' iiietabolism period. Diges- 
tible onorgj' consumption was determined by subtractinu the 
total fecal onorgj' from the gross energy intake. Digestible 
nitrogen consumption was calculated in a similar niannor to 
digestible onorgj-, vbile nitrogen retained was eqnivabmt to 
nitrogen digested minus total nrinarv’ nitrogen. Tt slionlil bo 
noted that the term “digestible’’ refers to apparent and no} 
trU(‘ digestibility. 

Katina 1 witli an Alpbacel content of 20'^ liad a total 
<lie:<>stibility of while ration 2. eontaininir r.0'"r of Alpha- 
eel, had a digestibility level of Tliat an inerea-e of Kr: 
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PDE index, onlj’- the pepsin digest and total amino acid re- 
sults are used, the question arose as to Avhether a correction 
for trypsin digestion should be introduced into the PDB index 
to account for the effects of anti-tryptic factors in raw soy- 
bean meal. 

In an attempt to answer this question, the soybean samples 
were treated with pepsin as usual, then adjusted to pH 8.2 
and incubated Avith pancreatin for 24 hours at 37° C. The 

TABLE 4 


J^ffcct of opiimaX heating 'itpon the enzymatic rdcasc of amino acids 
from soybean meal 



COMri>ETK 



PEPS IK VhVS 

AMIXO ACID 

nVDKOLYSJS 


TANCnEATIN' 


Rnw 

Straincfl * 


Slonrnpd 

Itniv 

Steamed 


my/ cm 

mp/gm 

f)tr cent liberation 

per cent liberation 

Cystino 

12.8 

12.4 

2.3 

1.0 

4.7 

21.0 

Lysine 

59.1 

59,5 

2.0 

1.7 

20.0 

68.9 

Histidine 

Of) o 

30.8 

2.4 

2.0 

17.1 

33.8 

Valine 

57.8 

50.5 

10.3 

15.4 

30.7 

50.8 

Methionine 

13.2 

13.5 

15.9 

14.1 

30.4 

51.1 

Isolcucine 

54.0 

54.5 

47.0 

47.5 

08.2 

S9.9 

Leucine 

77.3 

78.0 

57.0 

00.3 

77.8 

90.4 

Tyrosine 

31.0 

30.9 

13.9 

13.9 

60.8 

81.0 

Tryptophan 

1G.8 

17.0 

22.0 

22.4 

43.4 

51.2 

mienylalaninc 

57.0 

59.7 

17.7 

10.8 

44.9 

50.2 

Threonine 

37.9 

39.0 

53.8 

48.7 

74.9 

84.1 






— 



* Steamed at atmospheric pressure (212®F.). 


total amino acid composition of the proteins and the pei*- 
centage liberation of amino acids from the raw and steamed 
soybean meals by the pepsin and the pepsin plus pancreatin 
treatments are presented in table 4. "^^Hiercas there is no 
change in the quantity of amino acids in the co-mpletely hydro- 
lyzed protein nor in the amount of amino acids released by 
pepsin, there is a considerable increase in the amount of 
amino acids released from the steamed soybean meal by the 
pepsin plus pancreatin treatment. The results also show that 
this increased liberation following pancreatin treatment 
varies mth the individual amino acids, and in this respect 
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The results of the analysis of covariance indicate that the 
food intake of weanling rats, receiving rations containing 
approximately 2.07 nitrogen and varying in Alphacel con- 
tent by 10% (20% and 30%), was significantly influenced by 
the digestible energy content of the food; that is, it would 
appear that the rats ate to satisfy their energy requirement. 
It is anticipated that the increase in food consumption, result- 
ing from a reduction in the digestible energy content of the 
ration, could only occur within certain physiological limits; 
this having already been demonstrated for the chick (Peter- 
son et ah, ’54). 

TABLE 3 

of variance and covariance of food consvmpVwn and dipesiihJe energy 
conftumpiion hcttcccn Iwo raiions differing in AJpJwcel content 
(non-nniritivc celliilose) 


analyses 

PounCE or 

VARIATION 

NOK'ADjrSTED 

Mean 

frc«lom 

AUJUSTEO TOr. 
IKITIAL WricnT 

of 

freedom 

Mean 

square 

Food consumed 

BeUveen rations 

1 

Cl 

1 

2G3' 


W'itlim rations 

13 

79.4 

12 

43.6 

Pigostible energy 

Between rations 

1 

2307 

1 

124 

consumed 

Within rations 

13 

700 

Cl 

2S4 


* Significant nt 5% level. 


It was also desired to determine the influence which the 
digestible energy consumption may have had on the amount 
of nitrogen retained. The correlation between these factors 
was 0.928 for ration 1 (20% Alphacel) and 0.910 for ration 2 
(30% Alphacel). The pooled correlation for both rations was 
0.918. All these correlations were very large and highly sig- 
nificant indicating a strong association between digestible 
cnerg>' consumption and retained nitrogen. 

Since initial weight might have influenced both digestible 
energj* consumption (r = 0.829) and nitrogen retention (r = 
0.720), it M-as necessary to remove the etTects of initial weicht 
from the correlation between digestible cnergA* consumption 
ami nitrogen retention. Tliis was accomplished by calculating 
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anli-tryplic factors of raw soybean meal introduce differences 
in the rate of release of individual amino acids, these ditfer- 
cnces do not significantly influence the biological value of the 
raw protein. On the basis of the results reported here, a cor- 
rection for tryptic digestion would not be expected to improve 
the accuracy of the PJ)R index for predicting the net utiliza- 
tion value of raw soybean meal. 

Overcstimation by the PDB index of the net utilization 
value of raw soybean meal is probably best explained as being 
due to the presence in the meal of a toxic factor or factors. 
Such toxic factors have been experimentally demonstrated 
and shown to be sensitive to heat. (Liener et ah, ’49; Liener, 
’53; Desilcachar and De, ’47 ; Klose et ah, ’4S; Borchers et ah, 
’48; lYestfall et ah, ’48). Consequently, the PDB index should 
also be an accurate indicator of the net protein utilization in 
soybean prejiarations in which the toxic factor has been de- 
stroyed by heat treatment. 

The particular advantage of the nitrogen balance method 
for measuring biological value (Thomas, ’09; IMitchell, ’24) 
over other biological assay methods is that it determines 
directly the storage of protein in growth ratJier than assum- 
ing that this storage is proportional to body weight gains. 
The procedure also distinguishes behveen loss of nitrogen in 
the digestive process, i.e., undigested plus secretory protein, 
and losses due to the remaining metabolic processes of the 
animal body. However, for ijurposes of apjjraising the value 
of a food as a source of dietary protein, a single flgure for 
the net protein utilization has distinct advantages (Mitchell, 
’44). For most food proteins the distinction between biological 
value and net utilization is academic since their coefficients of 
digestibility are very high. However, in the case of heat- 
processed foods in which protein digestibilities are signifi- 
cantly reduced it is important for practical nutritional con- 
siderations to measure the net utilization rather than the 
biological value. The PDB index which measures the net 
utilization of proteins directly is a useful procedure for es- 
timation of the nutritional quality of both natural and pro- 
cessed proteins. 
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SUiniABY 

It has been demonstrated that the food intake of two groups 
of weanling rats, whose rations contained respectively 20 and 
30% of non-nutritive cellulose, was significantly influenced by 
the digestible energy content of the food. This would indicate 
that ^vithin physiological limits, as yet not determined, wean- 
ling rats eat to satisfy their energy requirements. 

Digestible energy consumption has been .shown to influence 
the nitrogen retention of the weanling rat. Approximately 
69% of the variation in the nitrogen retention of the weanling 
rats used in tliis experiment was associated Avith digestible 
energy consumption when the effects of initial weight were 
removed. 

It is postulated that within limits there is an optimum di- 
gestible energy level for each nitrogen level of a ration when 
the criterion of measurement is nitrogen retention. 
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In an earlier stnely (Bronner et al, ’51) it was reported that 
phytatos significantly depressed the calcium uptake when the 
test breakfast contained approximately 85 mg of calcium (Ca) 
and 100 mg of phytic phosphorus. Me are now reporting on 
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fat, carbolij'drale, protein or clioloslerol intake and the serum 
cholesterol level. 

In the studies relating age and serum cholesterol most 
■workers agree that iu women, at least, the serum cholesterol 
level rises with age. Sperry find Webb (’50), who studied 
the serum cholesterol levels of 14 men and 8 women in 1934- 
’36 and again in 1949, reported that in 6 of the men and in 
6 of the women increases of 15 to 30% were found in the 
second survey. In the woi’k of Gram and Lever! on (’49) and 
of Garcia et al. (’55), with women on a self-selected diet, a 
significant rise in serum cholesterol with age was sho'wn. 
Hobson et al. (’53) I’eported that the mean serum cholesterol 
levels of their subjects (elderly men and women living at 
home) were significantly higher than those of control groups 
of younger people. 

Work Avitli animals has suggested a relationship between 
cholesterol and ascoi'bic acid in the body metabolism. Booker 
et al. (’51) found an increase in serum cholesterol in both 
rats and dogs after administration of ascorbic acid, and Con- 
suelo Mendoza (’52) demonstrated that injection of rabbits 
with ascorbic acid also resulted in a rise in serum cholesterol. 
Gillum et al. (’55), in their study of older women, reported 
a slight positive relationship between serum cholesterol and 
serum ascorbic acid. 

In the present study a comparison was made of the seriun 
cholesterol levels of women of two different age groups offered 
the same institution diet. The effect of supplementation of 
the diet with vai'ious levels of ascorbic acid on the serum cho- 
lesterol in the two groups was also studied. 


PEOCBDUUE 

The subjects for tliis study were 29 women in a state train- 
ing school for the handicapped ® ; all were in good physical 
health. They were di'vided into two groups according to age. 
In the younger group of 15 subjects the average age was 31 
years, with a range of 28 to 34. In the older group of 14 
subjects the average age was 64 years, ■udth a range of 56 to 77. 
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averaged 7.6 years, vitli a range of 5.0 to 9.8 years. If tlie 
8th hoy is included (subject 33) the respective group averages 
were 12.8 years, 40.2 hg and 7.1 years. 

The subjects had been prepared for the study by receiving 
a daily supplement of one multivitamin tablet® and of one 
quart of milk, for a period extending from two weeks preceding 
the study period to the end of the experiment. Analysis of 
the diet served at the school revealed that it very nearly met 
the Kecommended Daily Dietary Allowance of the National 
Research Council ( ’48) for children of this age group. 

Experimental meals 

Two breakfasts were given: an oatmeal breakfast (0) 
with phytate naturally present in the cereal, and a farina 
breakfast (P) which contained no phytate. Table 1 shows the 
composition of the breakfasts. 

The radiocalcium (Ca''^Cl;) was added to approximately 
60 ml of the milk which was then mixed intimately with tlie 
cereal. The children drank the remainder of the milk as they 
ale the cereal. 

Sample collection 

Blood was drawn by venipuncture at about 2.5 hours post- 
prandially. It was allowed to clot and, following centrifuga- 
tion, the serum was analyzed for its content of Ca and Ca^'. 

Urine was collected daily for 5 days. Ca and Ca'*' analyses 
were carried out on the pooled samples collected during the 
first three days, and also on pooled samples of days 4 and 
5 

Fcccs were collected daily for 5 days and a pooled 5-day 
specimen was analyzed for its content of Ca and Ca^’’. 

Samples were preserved and handled in the manner de- 
scribed previously (Bronnor et ah, ’54). The quantities of 
Ca’-' given in these studios were so low that the level of 

Vorto, ponrro:i‘*ly tlnr.ntM by Ho2frr.rcit'I*nTl/^b^, 

’nffnus' of tbo very lovr Trv'tior.rtlvity of tbr ’unr.^' «r.rr.7»b* or. 

o, tlfO riBnlytirnl ro'ul**: nrt’ irportM, nor iTorc In t! r 

< v.ttur.rior.. 
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laled for tlie diets, using the U.S.D.A. Agriculture Handbook 
No. 8 (Watt and Merrill, ’50). TJie cholesterol content of the 
diets was calculated fi’om the tables of Okey (’45) and from 
data provided by Gillum (’55).'* Analysis of food samples 
collected in the dining room from time to time throughout the 
experimental period yielded information for calculating the 
vitamin C content of the diets. The method used in these de- 
terminations was the 2,4-dinitrophenylhydrazine method of 
Eoe and Kuether (’43), xis'mg norit oxidation. 

Venous blood samples for serum cholesterol determinations 
were taken after 7 Aveeks on the 32-mg IcAml of ascorbic acid 
intake, and folloAving the 25-, 50-, and 75-mg supplement levels. 
The first three samples Avere taken at intervals of one month. 
The 4th sample Avas taken tAvo Aveeks after the third. The 
samples Avere ahvays taken at 10:00 a.m., three hours after 
brealvfast. A modification of the method of Nibrick, Roberts 
and Skujip (’51)® Avas used to determine the total serum cho- 
lesterol in duplicate 150-mm-'' samples of serum. The samples 
Avere read in a Coleman Jr. spectrophotometer. Serum as- 
corbic acid AA'as determined according to the method outlined 
in the Northeast Regional Publication on Techniques (’51). 

Height and skeletal build Avere recorded during a physical 
examination of the Avomen made at the beginning of the study. 
Each subject Avas Aveighed CAmry month. The percentage de- 
viation from the desirable Aveiglit Avas calculated for each 
subject by means of the IMetropolitan Life Insurance Tables 
(Metropolitan Life Insurance Co., ’42). 

RESULTS 

The Avomen in the older group had a higher serum choles- 
terol level than the younger Avomen throughout the study. 
The mean serum cholesterol level for the older Avomen Avas 

* Cholesterol values for foods provided bj" Dr. Helen L. Gillum verc from d.afu 
compiled by the California Agricultural Experiment Station for use in the West- 
ern Regional Research Project W4. 

'Dr. Mary M. Clayton of the Maine Agricultural E.xperiment Station assisted 
in the modification of this method. 
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radioactivity of the urine and stool specimens approached 
background in about 5 days and collections vei*e therefore 
discontinued. 

Analytical procedures 

The analytical techniques have already been described 
(Bronner et ah, ’54). All counting data are reported as 
corrected to the time of ingestion of Decay corrections 

vere made with the aid of suitable Ca"*^ standards used in all 
counting runs. 

In the radiochemical determinations, experimental difficul- 
ties caused poor precision in some serum and urine samples. 
Serum samples in both the experiments, but particularly in 
experiment A, tended to gel during the prepai-ative stage. 
Limitation in sample size often made repeat determinations 
impossible. The activities of many urine samples were so low 
tliat the error of replicate analyses in some cases reached 
20 to 30% standard deviation (S. D.).® The error in the Ca'*"’ 
analyses of replicate ash solutions prepared from stool spec- 
imens was always less than 10% S. D. 

EXPERIMENTAL RF.SrLTS 

The average results of the analyses for content of Ca and 
Ca^' of the serum, urine and feces of each individual are 
Itrosented in table 2. The gi’ou)) averaeres are sliown in 
table 3. 

Inspection of the sei'um data revealed no striking group 
ditlerences. This was confinneil by statistical evaluation (see 
below). The specific activity of the serum averaged 0.02:Vr 
of the ingested Ca^-' per milligram of serum Ca at 2..5 hours 
foilowiiig the ingestion of the test meal. This figure is lower 
than the comjiarable uptake figure (0.02S''(: mg) reported bv 
us ])revionsly for somewhat ohb'r boys (Bronner et al.. M-l ; 
see table 4). 

* I’. rri Jj» 

--- x.rx, : 
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lesterol values. Tlie average fat intake of tlie older group 
was 75 rt 3 gni per day and for the younger group was 76 
3 gin per day. This consisted of about 55 gm of animal fat 
from butter, milk, meat, bacon and eggs. The remainder was 
vegetable fat including salad oils, peanut butter and hydro- 
genated fats used in frying and in making pics, cakes and 
biscuits. The average cholesterol intake of the older gi-oup 
Avas 472 ± 17 mg per day and of the younger group, 447 ± 

TABLE 1 


Avcrarjc daily nuiricni MoJccs of IS ivovun with an average age of SI years and 
of 14 women with an average age of G4 ycarsj living in an institution 



vouNGKC onour 
^frnn ^ S.E,' 

OnDITR CROUP 
Mean S.E.* 

Calorics 

201S ± 

78 

2003 ± 44 

Protein, gm 

72 ± 

3 

72 2 

Pat, gm 

70 rt: 

3 

75 ± 2 

Carbohydrate, gm 

253 it 

9 

251 ± 4 

Calcium, mg 

1002 ± 

82 

997 ± 75 

Iron, mg 

ll.G zt 

0.4 

11.7 ± 0.2 

Vitamin A, I.U, 

7972 ± 

72S 

7054 ± 407 

Tliiamlnc, mg 

1.22 rt 

0.05 

1.22 ± 0.02 

Biboflavin, mg 

1.91 ± 

0.13 

1.83 ± 0.10 

Xiacin, mg 

13.7 

0.5 

13.,3 ± 0.2 

Ascorbic acid, mg 

32 ± 

1 

32 ± 1 

Cholesterol, mg 

447 

30 

472 ± 17 


* St^indard error. 


36 mg per day. Correlations between serum cholesterol and 
fat intake, and serum cholesterol and cholesterol intake were 
not significant. 

The younger Avomen Avere found to be, on the average, 7fo 
overAveight and the older Avomen, 20% ovenveight. No sig- 
nificant coi'relation appeared between percentage deviation 
from desirable Aveight and serum cholesterol. The younger 
women lost, on the average, 0.8 lb during the study. The great- 
est loss Avas 8 lb and the greatest gain Avas 6 lb. The older 
Avomen had an average Aveight change of zero, A\fith a range 
from — 7 lb to -|- 7 Ib. 
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Both tlie urinary and fecal excretions of Ga (table 2) reveal 
wide intra- and interindividnal differences. Intexindividnal 
differences are common, especially in growing subjects. In- 
traindividual differences can also be expected in these boys, 


O EXPERIMENT A 
& EXPERIMENT B 


Cc ^ IN URINE Ipcrceni of ingested 

y ip. 1 output in uriin* ns n function of the output of cnlciun3, u«inp 

7 w hour 

l)arlicularly when oxiH’rimonts cannot bo conducted uniJor 
conditions which permit absolute control of intake. 

Figure 1 shows the liigbly significant linear relationsliip 
obsiTved between Ibo output of Ca and Ca'*' in the urine. 
The slope of this regression line is the specific activity and 
is indcjiendont of variations in the Pa ontinit in the urine. 
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A slight rise in seriun cholesterol with rise in serum as- 
corbic acid was noticed in the older gi’oup, but not in the 
younger group. 

The correlation between serum cholesterol and percentage 
deviation from desirable Aveight Avas not signilicant. 
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Therefore the measurements of total output were used 
in the evaluation of the fecal data.® 

Table 2 shows that total Ca output had a wider range in the 
urine tlian in the feces. Excretion in the urine is a more 
direct measure of Ca metabolism than is excretion in the 
stool. On the other hand, fecal output reflected more directly 
the relatively uniform intake of Ca in the diet of these 
subjects. 


STATI.STICAL AXALTSIS 

Paired comparison tests (Snedecor, ’46) wei*e done on the 
data for specific activity and output to see hoAv differently 
tlio two diet groups had disposed of their Ca^®. Table 3 
summarizes the results of these tests. 

Because the data for serum were incomplete in expei'iment 
A, tlie paired comparison test was supplemented with a group 
comparison. This test again showed no significant effect 
attril)uta1)le to the presence of phytate in the diet. 

In general, the specific activity of the urines paralleled 
that of the sera. However, the mean specific activity of the 
urines, Imt not of the sera, of subjects 28 to 35 was higher 
after oatmeal than after farina. This difference was significant 
on a 10% proliability level, but is not likely to have been caused 
by phytate. which would have depressed Ca^’‘ uptake and, 
lln'refore, decreased tlie Ca^' output in the urine. A similar 
reversal was also observed for the data on fecal output 
(table 

.\nalysis of the data for the output of Ca’’’ in the feces 
siiowed that subjects 19 to 27 excreted significantly more 
Ca'-’ following the oatmeal than following the farina break- 
fast. On tile other hand, subjects 28 to ;-!5 excreted significantly 
nion* Ca’-' after the farina than after the oatmeal breakfast. 

*It h.nv M ‘-honij (Uromifr <t ril.» tl.nt *l.f‘ totnl r»f rib' ►rl** 1 

C tr4 vitl.iti r» tlnv.’t of i*> r^lntiviMv m;> 1 rp.ri 

iii yjpproxur.’itif’n. 
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The results obtained in this and in the preceding study of 
this series (Bronner et ah, ’54) are compared in table 4 u-Mch 
shows that phytate lowered Ca absorption at the lower, but 
not at the higher, level of Ca intake. Table 4 also shows 
that under comparable conditions an increase in the Ca intake 
caused a decrease in the percentage of Ca absorbed. Hansard 
and Plumlee ( ’54) have presented similar, but more extensive, 
data for rats and have come to a similar conclusion (also Holtz, 


TABLE 4 

'Effrci of iito UveJs of calcium and of phyiale inia}:e on the 
diXrfbw/fon of ingested 


riHTATn INTAKE 


CALCIUM intake 


86 msr * 

239 mg 

QVX 

0.1 

Serum * 

0.028 * 

0.023 

(Oatmeal) 

Urine* 

0.0058 

0.0048 


Fcecs ’ 

44.5 

54.2 

0.0 

Scrum * 

0.046 » 

0,023 

(Farina) 

Urine * 

0.0065 

0.0045 


Feces * 

24 2 

4G.6 


* Dntn ndaptcd from Bronner et aU (’54), 

’ Bercentapo of inpcstetl Pcrum Ca at 2,5 hours following test mcni. 

* f^cnim data adjusted to mean body ircipht of 3S.Skg. Unadjusted iipurcs: 
0.020 %/nip (ontmenl), 0.034 Uc/mp (farina). 

' PtTrriitnpe of iiipesfod Cn*^ per millipram urinary Ca in 72diour urine pool. 

‘ IN-rrontape of inpentcHl Ca^ in 120-hour fcce<i pool. 

Poppor and Silbonnan, *47). Recently Brine and .Tohnslon 
{ on) analyzed llie data in the literature and reported that 
the percentage of calcium ab.«orbcd by adults decreases when 
their intake increases. 

The expevimeuts ro])orted here and previously (Bronner 
et ah. 7)4), wore designed to answer two relaterl questions: 
(a) whether less Ca wotiid ho taken tip from a phytato-rich 
than from n phytnle-jioor meal: and (h) what significanee this 
niiuht have in terms of jiraotieal nntritinn. Table 4 shows 
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it was found that feeding a purified diet in which only the 
protein (casein) had been fumigated resulted in a similar 
severe growth inhibition. The present paper describes some 
of the preliminary experiments and those which led to the 
finding that the histidine and methionine of casein are af- 
fected by ETO fumigation. 


EXPERIMENTAL 

The albino rats employed in these studies were 21- to 24- 
day-old weanlings from our stock colony. The colony origi- 
nated from the Holtzman strain. The rats were caged indi- 
vidually in wire-bottom cages and were supplied with fresh 
diet and water daily. The animals were weighed weekly or 
at the end of the experiment. The young rats were random- 
ized among the experimental groups according to litter, sex 
and weight. 

The stock diet used had the follovdng percentage composi- 
tion: ground wheat, 56.5; casein," 12.0; meat scrap, 10.0; 
skim milk powder, 8.0; hydrogenated vegetable oil,® 5.0; mo- 
lasses, 5.0 ; alfalfa meal, 2.0 ; vitamin A and D concentrate * 
(5,000 and 625 USP units of vitamins A and Dj respectively 
per gram), 1.0; and salt, 0.5. Purified diet 3 contained the 
following (in per cent) : sucrose, 73.0; casein, 18.0; B vitamins 
in sucrose, 5.0; and minerals (Salmon, ’47), 4.0. Purified diet 
4 was similar except that the casein was reduced to 9fo, the 
sucrose increased to 72%, and 10% of hydrogenated vegetable 
oil was included. The B-vitamin supplement was made up 
to provide the following per kilogram of diet : 2 gm choline- 
C1 ; 200 mg inositol ; 50 mg niacin ; 20 mg calcium pantothenate ; 
10 mg riboflavin ; 5 mg pyridoxine-HOl ; and 5 mg thiamine- 
HCl. The purified diets were further supplemented per kilo- 
gram with 50 mg alpha-tocopherol, 5 mg beta-carotene, and 

® The casein was Vitamiii-Frco Test Casein, General Bio chemicals, Inc., Chagnn 
Falls, Ohio. 

“ Crisco. 

* Quadrex. 
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Ca-*-’ of each, subgroup u’as affected significantly by changing 
the cereal of the test breakfast from oatmeal to farina. 
However, the direction of change was opposite for each sub- 
group. When the results of the fecal output of the two sub- 
groups Avere pooled, the difference between the two test 
breakfasts ivas no longer significant. 

4. The percentage of absorbed Ca decreased as the Ca 
intake increased. 

5. It is concluded that phytates do not exert a significant 
effect on Ca-*^ absorption when the meal provides 239 mg of 
Ca and when the phytic P intake is 80 mg. Because this ratio 
of Ca to phytic P is typical of diets in the United States, 
it may be concluded that food phytates are of no nutritional 
concern in this country. 
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tliis time the rats were moribund and were sacrificed for 
autopsy. Aside from a severe depletion of depot fat, no 
specific lesions could be detected, even U 2 oon microscopic 
examination of Ihe major tissues. Control animals fed the 
same diet without prior fumigation perfoi-med normally over 
the experimental period. 

When the stock diet, fumigated for 6 hours, was fed to 6 
older rats (160 to 240 gm), they lost an average of 10.6 rt 7.3 
gm the first week and then gained slowly (av., 21.3 ±: 9.3 
gm) the three following weeks. No indication of neural dam- 
age was observed in these older rats. On autopsj', after 25 
days on the fumigated diet, the contents of the large intestine 


TABLE 1 

Thiamine stimuJation of the growth of weanling rats fed a ihiaminc'dcficicnt 
basal diet (diet 2) before aiid after fumigation with ETO 


DIET 

NO. or 

EATS 

AV. WT. OAIK ovrn DAYS 

1-7 

S-32 



fftn 


Basal 4" tliiamiiie-nCl 

4 

15.0 i: 1.4 

81.7 ± 19.3 

Fumigated basal 4- thiainino-HCl 

4 

— G.5 ± 2.G 

17.3 ± 5.6 

Basal 

3 

12.3 ± l.C 

— 27.3 ± S.S 

Fumigated basal ^ 

3 

— 8.0 ± 1.0 

— 2G.7 ± 5.0 

* Fumigated 14 hours. 


and cecum was found to be more fluid, richer in mucous, and 
lighter in color than similar contents from control rats. 

The growth inhibition resulting from feeding a fumigated 
thiamine-deficient diet (diet 2) supplemented with non-treated 

thiamine is apparent from the data in table 1. Only about 
one-third of the growth depression resulting from fumigating 
this diet was reversed by bi-weekly subcutaneous injections 
of 0.4 mg of thiamine-HCl per 100 gm of food intake. Feed- 
ing the thiamine-deficient diet without supplementation re- 
sulted in a 59% greater loss in body weight after 32 days 
when the diet had been previously fumigated with ETO.^ 

Table 2 presents the results of feeding a purified diet m 
which only the protein (casein) had been fumigated. The 


TRYPTOPHAN-NIACIN METABOLISM IN 
ALLOXAN DIABETIC RATS " 

E. G. ilcDANIEL, J. M. HIINT)LET A^'I) W. H. SEBKELL’ 

Xational Insiiintes of B^ealthj Fnhlic Health Service 
17. S. Department of HeaWij 
Education and Welfare 
Bethesda, Maryland 

TTVO riGUEES 

(Eeceived for publication January 6, 1956) 

It has been shoBTx that the rat’s dietary requirement for 
niacin could be altered by changing the type of carbohydrate 
in the diet (Hundley, ’49). Since carbohydrate metabolism 
is modified in diabetic animals, it appeared of interest to 
determine ■whether the presence of a diabetic state would 
influence the niacin requirement of rats. It -was reported lliat 
the urinary excretion of N^-methylnicotinamide (NMN) fol- 
lowing test doses of nicotinamide was significantly lower in 
human diabetics than in control subjects (Lossy et al., ’51), 
although later studies by Goldsmith et al. (’55) did not 
confirm this finding. Xanthurenic acid and 3-hydroxykynure- 
nine were found in the urine of diabetic patients by Kotake 
and Tani (’53). Rosen et al. ( ’55) observed increased urinary 
xanthurenic acid in diabetics following oral tryptophan, in- 
dicating disturbances in tryptophan metabolism. 

Hoported here arc experiments designed to study the eftect 
of alloxan diabetes upon the ability of the rat to produce and 
excrete NMN following administration of various precursor.^:. 

‘ A pn^liminnTv report of this work has been published (McDaniel ct al., '55). 

* The Aiueriran Cancer Society, New York, 
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could improve growth Avhen used as a supplement in a fmni- 
gated easein diet. The results of the first experiment are 
shown in table 3. Phase 1 (1 to 14 days) indicates the growth 
obtained when the proportion of fumigated casein to un- 
treated casein in the diet is pi’ogressively increased. All diets 
in this phase contained a total of 9^ of casein, but growth was 
inhibited progressively as the proportion of fumigated casein 
was increased. 


TABLE 3 


Stiinvlator^ effect of sov\c amino acids on the growth of weanling rats fed a 
gurificd hasal diet (diet 4) containing graded levels of ca^ctn fximigaXcd 
for £4 hours, (4 rats per treatment) 


cnoup 

CABKIN* IS 
lUKT 


AVrriAGE ^^'T. GAIN OVEU DAYS 


Ku mi- 
pftted 

Un- 

trcnlrd 

1-14 

15-21 J 

oo_26 - 

29-34 * 


Co 

Cr 

ffm 

am 

ffm 

am 

1 

0.0 

9.0 

30.5 ± 5.3 

30.3 ± 2.G 

0.0 ± 2.1 

... 

o 

3.5 

7.5 

14.2 :t 3.5 

38.3 :t: 3.3 

32.8 ± 3.6 


3 

3.0 

G.O 

0.0 zt 1.8 

20.8 ± 4.1 

13.8 ± 2.0 


4 

4.5 

4.5 

0.2 ± 3.3 

1-1.3 ± 5.3 

22.5 ± 4.4 


5 

G.O 

3.0 

3.8 ± 1.5 

1.2 ± 1.0 

3.8 ± 1.1 

19.8 ± 8.3 

G 

7.5 

3.5 

— 2.2 It 1.5 

— 3.8 ± 1.5 

1.0 0.0 

17.5 ± 5.2 

7 

0.0 

0.0 

— 3.8 ± 3.7 

— 5.3 ± 0.5 

2.3 ± 0.5 

14.8 ± 1.7 


* Diet supplonicntcd with methionine, cystine and threonine. 

*Diet further supplemented as follows; group 4, histidine and arginine; group 
5, isoleucine and lysine; group C, leucine and tryptophan; and group 7, valine and 
phenylalanine. 

*Diet supplemented with methionine, cystine, threonine, liistidine and arginine. 


During the third week (15 to 21 days) all the diets con- 
taining fumigated casein were supplemented with the three 
indicated amino acids at the level at which these amino acids 
would be expected (Block and Bolling, ’45) in the fumigated 
casein component of the diet had it not been fumigated. Sup- 
plementation in subsequent phases of this experiment and 
similar experiments was controlled likewise. Thus the diet 
with 9% of ETO-fumigated casein received three times the 
supplementation of the 3% treated casein diet. 
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In addition to tiie stock diet, three niacin-deficient pnrified 
diets rvere used in these experiments. Diet 9221 contained 80^ 
sncrose, 8% vitamin-free casein, 8% hydrogenated cottonseed 
oil® and 4% IVesson (’32) salt ndxtnre. Diet 9260 contained 
75.85% sncrose, 9% vitamin-free casein, 3% gelatin, 0.157® 
ircystine, 8% hydrogenated cottonseed oil and 4% Wesson 
salt mixture. Diet 9276 was similar to diet 9221, except that 
sncrose was replaced hy fructose. Incorporated into each 
100 gm of the purified diets were 1 mg each of thiamine HGl 
and pyridoxine HCl, 4 mg calcimn pantothenate, 2 mg ribo- 
flavin, 1.25 mg folic acid, 200 mg choline Cl, 1 Mg biotin, 0.4 mg 
menadione, 5 mg a-tocopherol acetate, 12000 XJSP units vi- 
tamin A and 2500 USP units vitamin D. In addition 12.5 Mg 
vitamin Bjo were added to diets 9221 and 9276. 

RESULTS 

In preliminary experiments it was observed that alloxan 
diabetic rats excreted lower amounts of NMK in the urine 
than did non-diabetic rats on similar diets. Administration of 
niacinamide or niacin resulted in marked increases in N^ilN 
in both normal and diabetic rats, but administration of tryp- 
tophan, which has been shown to be a precursor of NilN in 
the rat (Rosen et ah, ’46; Hundley and Bond, ’49), produced 
marked increases only with non-diabetic rats. The low con- 
version of tiyptophan to NkIN in diabetic rats was observed 
whether the tryptophan was given with the diet, by stomach 
tube, or by intraperitoneal injection, and whether l,- or nn-tryp- 
tophan was used (table 1). 

It had been observed in earlier experiments that urinary 
XirX values often were higher during periods of fasting or 
limited food intake than during periods in which food was 
consumed ad libitum. Food intake of diabetic animals was 
much greater than for non-diabetics. However, it was shown 
by paired feeding and by fasting that the abnonnallv low 
XMX values observed for the diabetic rats given tryptophan 
were not the result of excessive food intake (table 2). 

* Cri'-ro. 
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levels, the growth observed was fully comparable with that 
on an untreated casein diet. It would appear that if any 
other essential amino acid is affected when casein is fumi- 
gated as described it must he one which is not growth limiting 
under the conditions of this experiment, 

TABLE S 


Ability of histidine and methionine to stimulate growth of weanling rats fed a 
liurificd dirt (diet 4) containing 9% ETO-fumigaied casein^ 

(G rats per ireaimeni) 


pnorniN’ Bounen 

srp^Lr^fl:NT to diitt 

AV. AVT. GAIK, 

i>hjBtidinc 


21 DAYS 


To 

Tc 

ffm 

Unfumigated casein 

0.270 

0.335 

4S.8 ± C.4 

Funiipatcd casein 

0.270 

0.315 

30.8 ± 5.0 

IJnfumigatcd casein 



30.5 ± 4.5 

Fumipfated casein 


.... 

2.0 ± 1.5 

Fumigated casein 

0.270 


2,2 ± l.G 

Fumigated casein 

... . 

0.315 

— 1.4 ±. 1.7 

‘ Fumigated 24 Iioiirs. 

TABLE C 



Grotath inhibition of weanling rots fed a purified basal diet (diet 4) containing 

9% casein variably fumigated with ETO (S rats per treatment) 

DUnATIO.V or KTO rUM^fiATIO^* 

OF C.^SKIN* 



AV. WT. GAIS, 

21 HAYS 




frm 

0 min. 



27.7 ± 7.3 

15 min. 



25.0 ± 5.3 

30 min. 



19.7 ± 7.0 

1 hr. 



19,7 ± 7.6 

4 hr. 



0.3 ± 2.2 

24 hr. 


- 

-8.7 ± l.C 


The effect of the duration of the ETO fumigation of casein 
upon its biological value is seen in table 6. Growth depression 
was severe after 4 hours of fumigation, but maximum protein 
damage was not achieved until fumigation had proceeded for 
much longer periods, possibly 24 hours, or more. 

Microbiological assay for histidine and methionine in 24- 
hour ETO-fumigated and non-fumigated casein samples indi- 
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The possibility that gMcose or other metabolites in diabetic 
urine might interfere nith the determination of IvillN pras 
investigated. NilN was determined on urine from normal 
rats supplemented with tryptophan, and on this urine diluted 
with urine from diabetic rats containing known amounts of 
glucose, and after addition of known amounts of C. P. glucose 
to normal urines. It was observed that the amount of NilN 
determined was reduced both by dilution with diabetic urine 
and by addition of glucose. The reduction caused by the 
diabetic urine appeared to be due entirely to the presence of 
glucose. Urinary NMN values for normal i-ats given tryp- 
tophan were reduced by about 25% when measured in 
the presence of diabetic urines (sufficient diabetic urine was 
added to approximate a i-at excreting 8 gm of glucose per day). 
An equivalent amount of C. P. glucose added to the normal 
urine resulted in essentially the same reduction. "Wlien the 
amount of glucose ivas doubled (equivalent to a rat excreting 
16 gra of glucose per day), the XklU determined Avas reduced 
by about 40%. Although glucose in amounts often found in 
severe diabetes may lower the NIIN value by as much as 
40%, this reduction is not of sufficient magnitude to account 
for the veiy low NilX values observed following administra- 
tion of tiyptoplian to diabetic rats. Furthermore, as is shoAvn 
in tables 1 and 2, during periods of fasting Avhen no glucose 
is present in diabetic urine, the apparent conversion of tiyp- 
tophan to XilX is still abnormally low. To demonstrate 
further that the low XiSIX values obsen*ed for diabetics were 
not due to interfering substances in tlie urine, it was shown 
that XMX resulting from administration of niacinamide, 
niacin and XMX could be determined readily even in diabetic 
urines (table 1). 

In earlier studios a marked individual variation was ob- 
served in the levels of urinaiy XMX among rats on similar 
diets either with or without supplementary niacin or tryp. 
tophan (Hundley, ’47). In view of this knoAATi individual 
variation and to eliminate the possibility that the differences 
observed in the present experiments wore merely the result of 
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The effect of ETO on proteins other than casein remains 
to be determined. There is no indication to date that the 
lability of protein histidine and methionine is a general phe- 
nomenon. It is interesting to speculate, however, that ETO- 
protein (enzyme) reactions ai'e involved in the lethal action 
of the fumigant on microorganisms. 

Some reactions of ETO with protein have been described 
earlier (Fraenkel-Conrat, ’44). ETO was found to react with 
most of the available reactive groups, namely, carboxyl, amino, 
sulphydryl and phenol groups. The reactions were studied 
only in aqueous solution, however, and their application to 
the conditions described in this paper remains to be investi- 
gated. 

sujr^fABr 

Weanling rats failed to grow when fed a purified diet con- 
taining 9 or 1S% of casein as the only protein source when 
this casein had been previously fumigated with ethylene oxide. 
A histidine and metliionine supplement was active in reversing 
this inhibition. Only 29% of the histidine and 44% of the 
methionine of easein appeared to be available to the bacterium, 
Lactohacilhis vteseni oroides after 24 hours of fmnigation of 
the intact protein with ethylene oxide. 
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It ^\’as observed that tbe rate of response to insulin (vith 
respect to conversion of tryptophan to NMN) varied in 
different rats, even tbongh tbe v-ater intake and nrinary 
glucose of all rats tested decreased rapidly after tbe insulin 
v^as started. In one sncb rat, wbicb also converted abnormally 
low amounts of tryptophan to tbe response to insulin 

was much more rapid, with NMN increasing to a normal level 


EFFECT OF INSULIN IN DIABETIC RATS 



2 

cc 

He 
a>o 
o 

CO 


a 

> 


O 

m 


1 EfTcct of insulin on conversion of trvptophan to XMX in diabetic rat. 
Diet 0221. T =; 100 mg tr^tophan ; X = 3 mg niacinamide; M = 3 mg K^-methjL 
nicotinamide. 

Niacinamide, NMN, and insulin wore given intrapcritonoallv. Single doses of 
tryptophan were given by stomach tube, and added to the diet for daily feeding. 


within 24 hours after the insulin was started. For this rat the 
insulin was discontinued after 4 days. The conversion of 
tryptophan to XMN remained relatively constant and in the 
normal range for S days then decreased gradually to a diabetic 
level in about 16 days after the insulin was stopped. In view 
of these observations further studies were made to determine 
the effect of insulin on the conver,«ion of tryptophan and 
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and by diabetic bumans (Craig et al., ’51; Miller et al., ’52). 
Sarett and Snipper (’54) bare sbo^m that aUoxan diabetic 
rats fed fructose diets consume much less n-ater and excrete 
less carbohydrate in tbe urine than do rats fed glucose diets. 
In tbe present experiments substitution of fructose for sucrose 


table 3 

Effects of diciar^ fructose m alloxan diabetic rats^ 


CATECOKY OF IKTEKEST 

DIET 9221 
(Sucrose) 

DIET 9267 
(Fructose) 

Basal urinary XMN (mg/day) 

0,0S (0.0M)-12) 

0.07 (0.07) 

Urinary XMN/100 mg tryp (mg/day) 

0.22 (0.17-0.2G) 

O.IS (0J3-4),24) 

Uriuarv' glucose (gm/day) 

11.1 (S.O-l-i.9) 

7.1 (6.8~8.5) 

Water intake (ml/day) 

loo (135-194) 

107 (94-123) 


^ Three diabetic rats ivere used in this experiment, A’alues in the second column 
were obtained from the same three rats after S to 24 davs of fructose feeding. 
Itanges of values are shoim within the parentheses. 


EFFECT OF TRYPTOPHAN ON BLOOD 
GLUCOSE CURVES 



1 ic* 2 l^fTfrt of tryptoj>hnn on blood glucose curros. Both rats on diet 
and trrptopijnn were given by stomach txibe following a ICdtour 
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Dick (’52) reported that a factor present in tAvo different 
types of foi-age was involved in the copper-molybdenum im- 
balance in sheep, and in subsequent studies (’53a) identified 
this factor as inorganic sulfate. Eesults of the additions of 
inorganic sulfate to high-molybdenum rations for sheep have 
been further investigated by Dick (’53b, ’54) Avho reported 
that the addition of sulfate to the high copper-molybdenum- 
containing ration increased the storage of copper in the liver. 
Furthermore, at a constant level of molybdenum supplemen- 
tation liver copper levels increased as the level of sulfate 
increased. Similar results Avere observed Avhen the blood cop- 
per concentration aa’rs considered. Observations of the fleece 
character of these sheep by Dick (’54) led him to conclude 
that these sheep were copper deficient Avhile blood and liver 
copper levels Avere elevated. 

The present report summarizes studies that illustrate the 
beneficial effects of dietary sulfate in molybdenum-fed rats. 
Data are also presented on the effect of varying sulfate and 
molybdenum levels in the diet on copper and molybdenum 
concentration in blood and liver. 


EXPERUIENTAL 

Equal numbers of male and female 21-day-old albino rats 
(35 to 50 gm) Avere used in these studies. The rats in expeid- 
ment I (Holtzman strain) were from the stock colony of this 
laboratory while those in experiment II were obtained com- 
mercially.^ All rats of the same sex Avere allotted at random 
to their respective treatments. The basal ration used in all 
experiments had the folloAving percentage composition: su- 
crose 80.25, crude casein 12.0, cottonseed oil 5.0, loAV-sulfate 
salts 2.55, L-cystine 0.2. 

Vitamins were added as follows (milligrams per Idlogram 
of ration) : choline chloride, 1,000 ; inositol, 100 ; calcium pan- 
othenate, 20; niacin, 10; menadione, 10; thiamine •HOI, 5; 
riboflavin, 3; pyroxidine • HCl, 3; folic acid, 0.2; biotin, 0.1 

* Holtzman Company, Madison, Wisconsin. 
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noD-diabetics. However, wben 400 mg of tryptophan were 
given, both xanthurenic acid and other metabolites increased 
markedly in the urine of aU rats. Xanthurenic acid was 
increased much more in diabetics than in non-diabetics, while 
for the other metabolites the reverse was true. 

TABLE 4 


Effect of tr^pt option upon the itrinarp excretion of various tryptophan meiahoJites 
in diahctic and non-diahciic rats ^ 



CAT xo. 

AFTER 100 MG TRTPTOPHA?; = 

AFTER 400 MG TT.YPTOPHAK - 


XA- 

"Other*' •* 

NMX 


*‘Otber'* * 




rnff/day 



mg/day 



8690 

0,05 


14 

0.23 

32 

70 

Diabetics 

8709 

0.10 

2- 

19 

0.52 

50 

62 


8675 

0.18 


19 

0.88 

65 

32 


8720 

0.76 


33 

2.28 

14 

133 

Xou- 








diabetics 

8731 

3.12 

2 ^ 

14 

0.12 

12 

117 


8750 

0.54 


14 

1.30 

16 

101 


* Five diabetic and two non-diabetic rats not listed above were given 200 mg 
L-tryptophan, Average urinary values for the above compounds were as follows: 

Diabetics 0,76 mg XMX; 25 mg XA; 13 mg "Other^^ 

Non-dinbctics 3,23mgXMX; SmgXA; 70 mg ''Other” 

TJnsuppIemented rats (diabetics and non-diabetics) cscreted averages of 3.5 mg/ 
day of XA and 3.2mg/day of ‘'other” metabolites, 

* Tryptophan was given by stomach tube during periods when animals were 

otherwise fasted, liVlien 400 mg tryptophan were given it was necessary to use 
the more soluble L-form. Xo marked dificrcnces in the conversion of l- and dl- 
tryptophan to have been observed, 

’ XA = xanthurenic acid, 

•"Other” indicates compounds excreted in the urine which give a positive re- 
action in the Eckert ( M3) test, and expressed as mg/day using tryptophan as a 
Mnndard, Anthranilic acid, tryptophan, possibly kynurenine and other metabolites 
will react in this tost, 

\ allies shown for xanthurenic acid (XA> following 200 mg tryptophan are 
averages of two diabetic and t%vo non-diabetic rats not listed above. 


Di^crssiox 

It is ovidont that in the alloxan diabetic rat there is some 
disturbance in the metabolism of tryptophan which results in 
a marked impairment in converting tryptophan to niacin and 
then to XMX. The results of the present study suggest that 
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TABLE 1 


The aUcviaiion of 'niohjhdcnuvi-inchiccd rat growth inhibition icith inorganic 
sidfatc (22 rats per treatment, 6 replicates) 



1)I£T 

AV. G WEEK 
nODV WEIGHT GAIK 

Basal 

Basal 4* SO 4 * 

Basal 4~ Mo ‘ 

Basal + SO 4 -f ^lo 


(rm 

109 ± 18 
112 ±23 
60 ± 15 
102 ± 27 

t 

‘ 2,000 p.p.in. SO 4 
* 100 p.p.m. >Io as 

V n — 1 

.rs 1:1 Xa-SO. 
Na^MoOi. 

and IV:S 04 . 



TABLE 2 

Dietary molybdenum level and the effect of inorganic sulfate upon rat growth and 
blood and liver levels of rnolyhdcnum and copper 


(Experiment I, 4 rats/treatment) 




AV. C VTEEJC 
GAIK 

WHOLE nr.OOD 

LIVER (DRT, FAT-FREB) 

LOT AND TnnATMKKT 

Copper Molybdenum 
cone. cone. 

Copper 

cone. 

Molybdenum 

cone. 

1. Basal 

ffm 

7S ± 22 

fiff/ml pv/tnt 

0.6 Trace 

fiff/am 

10.0 dt 1 

1.6 ± 0.5 

2. Basal 4-75 
p.p.m. Mo ‘ 

47 :t 11 

4.0 13.4 

16.5 ± 4 

29.8 ± 1.7 

3. Basal 4- 300 
p,p.m. Mo 

17 ± 8 

6.5 13.4 

38.0 ± 15 

51.6 ± 12 

4 . Basal + 2,300 
p.p.m. SO 4 - 

76 dt 17 

0.5 Trace 

8.0 ± 1.4 

1.4 ± 0.2 

5. Basal 4- 75 
p.p.m. Mo 4- 
2,200 p.p.m. 
SO 4 

84: ±22 

2.5 5.7 

12.3 ± 1 

9.2 ± 1.6 

6 . Basal 4- 300 
p.p.m. Mo + 
^,200 p.p.m. 
SO 4 

53 ± 12 

3.0 9.3 

16.0 ± 1.6 

19.0 ± 5.5 


‘As H2M0O4. 

* As equimolar mixture of Na 2 S 04 and KjSO*. 
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flavin deficiency in rats lias been sbovna to cause abnormal 
tryptophan metabolism (Henderson et ah, ’51; Mason, ’53) 
and also resnlts in development of cataracts (Hay et ah, ’31 ; 
Day and Langston, ’34; Bonrne and Pyke, ’35). The cataracts 
resulting from riboflavin deficiency closely resembled those 
due to tryptophan deficiency, accoi'ding to Albanese and 
Buschke (’42). Whether there is a relationship between ab- 
normal tryptophan metabolism and development of cataracts 
remains to be determined. 

It is of interest that for some diabetic rats, in which the 
conversion of trytophan to KMX was low when 100 mg doses 
were given, increased amounts of NMX could be excreted 
if veiy large doses (400 mg) of trytophan were given. This 
suggests that, although the mechanism for conversion appears 
to be greatly impaired, the real difficulty may result from 
shifts in the primary metabolic pathways of tryptophan 
rather than from the complete absence of the proper mech- 
anisms. In addition, the marked difference between diabetics 
and non-diabetics, with respect to the relative amounts of 
urinary xanthurenic acid and other metabolites following 
large doses of tryptophan, also suggests modification of the 
pathways of tryptophan metabolism in diabetic rats. 

The rate of resiionse to insulin, with respect to conversion 
of lr}*ptophan to NMX, varied with different rats. Although 
the water intake and urinary glucose decreased rapidly after 
insulin was started, the response with respect to XMN ex- 
cretion ranged from one to 19 days. The delayed responses 
observed following administration or withdrawal of insulin 
suggest that the process which permits increased conversion 
of tryptoplian to XMX may result indirectly from the action 
of insulin upon some other mechanism. 

Data obtained by chromatographic and chemical procedures 
indicate that alnlity to excrete anthranilic acid and 3-liydroxy- 
anthranilic acid in the urine following administration of 
tryptoplian is markedly reduced in diabetic rats, and that 
kynurenic acid is present in tlie urine of both diabetic and 
non-diabetic rats. Tryptophan may be converted to niacin 
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of the femurs of these rats indicated a chondro-dystrophy of 
the epiphysial cartilages. The femurs of the rats in the other 
lots were normal when examined grossly and histologically. 
The percentage of femur ash ivas determined on the opposite 

TABLE 3 

The effect of dietary inorganic sulfate level \ipon the vxolyhdcnxtm-inditced rat 
growth inhibition and vpon blood and liver levels of vxolybdenxm and copper 


(Experiment II, 4 rats/troatment) 



AV. G VTEEK 
GAIN 

WHOLE BLOOD 

Ln-ER (DRT, TAT-rREE) 

liOT AND TREATMENT 

Copper 

cone. 

Molybdenum 

cone. 

Copper 

cone. 

Molybdenum 

cone. 

Basal 

pm 

08 ± 10 

O.G 

fia/ml 

Trace 

pp/pm 

10.0 ± 2 

pp/pm 

2.C ± 1.4 

Basal 4* ^00 
p.p.ni. Mo * 

47 rt: G 

5.7 

IG.G 

40.C ± 15 

48.3 ± 12 

Basal -f 400 
p.p.m, SO 4 * 

102 ± 14 

0.45 

Trace 

10.6 ± 1 

2.4 ± 1.1 

Basal -f 400 
p.p.m. SO 4 + 

100 p.p.m. Mo 

C 6 ± 18 

4.9 

10.6 

28.6 ± 5 

20.4 ± C 

Basal + 800 
p.pjn. SO 4 

80 dt 11 

0.4 

Trace 

10.8 ± 2 

2.3 ± 0.8 

Basal + 800 
p.p.m. SO 4 + 

100 p.p.m. Mo 

83 ± 2G 

3.8 

9.9 

22.2 ± 4 

17.9 ± 4 

Basal 4- 2,200 
p.p.m. SO 4 

95 ± 25 

0.5 

Trace 

lO.G ± 0.8 

1.8 ± 0.6 

Basal + 2,200 
p.p.m. SO 4 4 “ 

100 p.p.m. Mo 

100 ± 17 

4.7 

10.0 

27.2 ± 2.5 

19.0 ± 3 

Basal 4" 3,300 
p.p.m. SO 4 

• 

95 ± 7 

0.5 

Trace 

ii.e ± 2 

1.6 ± 0.4 

Basal 4“ 3,300 
p.p.m. SO 4 4“ 

100 p.p.m. Mo 

9C ± 28 

3.8 

7.6 

23.8 ± 5 

14.9 ± 3 


^ As NfuMoO*. 

* As equimolar mixture of NosSO* and KaSO^. 
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of a beneficial effect of dietary fructose ia correcting the low 
conversion of tryptophan to NMN, indicates that conversion 
to glucose is not the entire explanation. 

Some diabetic animals in which the conversion of tryptophan 
to NSIN was greatly impaired did excrete increased amounts 
of NMN when very large doses of tryptophan (400 mg) were 
given, indicating that the defect may be due to changes in the 
primary metabolic pathways of tryptophan rather than to 
absence of the proper mechanisms. 

Diabetics excreted much more xanthurenic acid than did 
non-diabetics, following large doses (200 to 400 mg) of tryp- 
tophan. 
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denum. Wlien lOOp.p.m. of molybdenum was added to the 
diet it ajiiieared that a level of sulfate between SOO and 2,200 
p.p.m. exerted its maximum growth-protective effect. 
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Fluorine deposition in the skeleton may occur by means of 
actual incorporation into the bone salt molecule, or by ionic 
exchange as suggested by Element (’37), Neuman et al. ( ’50) 
and Megirian and Hodge (’51). A grounug animal would 
therefore incorporate fluorine by both means while the pre- 
formed bones of the adult would deposit skeletal fluorine in 
large measure only by ionic exchanges and periosteal growth. 
Exostoses or newly formed spicules of bone salts in cancellous 
bones under the influence of excess dietary fluorine would in- 
crease the fluorine content of the resulting bone deposits of 
the animal regardless of the age factor. 

A reverse of the ionic exchange reaction apparently takes 
place in the reduction of the total fluorine content in the skele- 
ton. For a reduction in the total skeletal fluorine to occur. 

* Publi'ilicd "with the approval of the Dirootor of Wjj^onsin Aj:ricuUure Kxpen- 
mental Station. Supports in ]jart by a j^rant from the Aluminum Co. of America. 
Pittsbutgb, Pa., on behalf of itself amt Aluminum Daboratorif s l.,til,. Amcrirnn 
Smeltinp ami Refiuinj^ Co., Kaiser Aluminum niul Chcmiral Corp., Monsanto Chein- 
irnl Co,, Beynohls Metal Co.. Tenne>«oc Valiev Authority^ C. S. Steel Corp. of 
Delaware, ami We^^tvaeOy Chemical Divi.**!^! of Foofl Machinery .and Cliemical 
CoTj>. 

’Subiuitt^ul in part a Ph.D. thesi** by na*^«en F. Miller to the Craduate School 
of the r)uver?=ity of \Viscon«in. 

* I'ri-ent a<blre>s: Department of Dioebemistry and Nutrition, Virginia Aj:ri- 
cjiltur.'d Kxpenment Station, Blach^burp:. 
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order to demonstrate that all subjects were capable of main- 
taining nitrogen equilibrium on an adequate diet and to 
establish a level of nitrogen intake for use throughout the 
experiment. In a transition period (three to 4 days) the 
items of food in the normal diet were gradually replaced by 
those of the semi-synthetic diet which Avas then fed throughout 
the remainder of the experiment. For the first 12 to 16 days 
on the semi-synthetic diet, lysine Avas supplied at the level 
found in 20 gm of egg protein by a so-called “complete” 
amino acid mixture. In series I and II, after it had been 
established that all subjects Avere in nitrogen balance on this 
regimen, the need for lysine Avas demonstrated by their in- 
ability to attain nitrogen equilibrium during 10 to 11 days 
Avhen all of the lysine in the sxApplements AA’as replaced by 
isonitrogenous amounts of glycine. Six different levels of 
lysine Avere fed successiA’ely in series I, and 4 in series II. 
The subjects in series II iDarticii)ated in a methionine study 
for a 30-day intei’Aml betAveen the time the complete amino acid 
supplements Avere fed aiid the initial feeding of the lysine- 
deficient supplements. 

In series III, the “complete” amino acid mixture AAms fed 
as before, but thereafter lysine and methionine AA'ere fed at 
levels AAdiich had appeared to be adequate in series I and II 
and in certain other studies by Keynolds (’56); the daily 
amino acid supplements supplied 300 mg of lysine, 250 mg 
of methionine and 480 mg of cystine for tAvo periods of 4 days 
each. Other variations in procedure have been recorded else- 
AA'here (Jones, ’56). 

Subjecis. The subjects AAmre women students or staff mem- 
bers 19 to 43 years of age AAdio maintained their usual academic 
pursuits throughout the experiment (table 1). All were in 
normal health as determined by physical examinations at the 
Department of Student Health, UniA^ersity of Wisconsin. In 
series I and II, the subjects AA^ere housed in an apartment 
under the direction of a graduate dietitian, whereas in senes 
III, they lived in dormitories or private homes, but ate all 
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animals were then transferred to the hasal ration, only (with- 
out added fluorine) for periods up to 300 days. The prelim- 
inary feeding period was for the purpose of rapidly fluoridat- 
ing the skeletons of these rats of various ages. At the close 
of the fluoridating period rats from each age group were sac- 
rificed, the femurs removed and analyzed for their fluorine 
content. Four rats were removed at intervals of 1.5, 30, 60, 
90 and 120 days post-fluoridation and femur fluorine de- 
termined as indicated. Four rats (6 months age group) were 
sacrificed at 300 days. 

The results obtained are summarized in table 1. The data 
indicate rapid and heavy fluorine deposition in the femurs of 
the three week age group to near the skeletal saturation levels 
(16,000 to 20,000 p.p.m.), while the 7 weeks (young adult) and 
6 months old rats (adult) stored, respectively, approximately 
50 and 25% as much fluorine as the weanlings. 

The data also show clearly that the fluorine concentration 
and total fluorine of the femurs of the young dropped rapidly 
following the removal of the added dietaiy fluorine. These 
results are similar in pattern and magnitude to those obtained 
earlier by Miller and Phillips ( '53), and they are m line with 
the observations reported by Savchuck and Armstrong (’51). 
The total fluorine content of the mature bone as indicated 
by milligrams of fluorine per femur did not decrease during 
the post-fluoridation period although there was a slight de- 
crease in femur fluorine concentration, expressed as parts per 
million. This observation is believed to be the result of the 
dilution elTect of new bone growth. It is remarkable that the 
fluorine varied only about 600 p.p.m. between the various lots 
at 120 days post-fluoridation. 

Expcrimcnl 2 

This experiment was designed to determine the femur con- 
centrations of fluorine in young rats under continuous ex- 
posure to 0.10% of dietary XaF from weaning uj) to periods 
of IS weeks. Three groups of 18 white vats were selected and 
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TABLE 2 


Scmusynihctic diet exclusive of the nitrogen supplements 


ITITM 

WKIOHT 

ITKJf 

WKIOHT 


ffm 


gm 

Applesauce, canned, 


Sanka ’ 


sweetened 

200 

Sucrose 

ISO 

Butter oil 

43 

Tomatoes, canned 

100 

Carrots, raw 

25 

Wafers; ’ 

1 recipe 

Grape juice, canned 

100 

Butter oil 

10 

Jelly 

40 

Cornstarcli 

50 

Lemon juice, canned 

75 

Ucmicclluloso * (Mucilosc 


Orange juice, frozen, 


flakes) 

3 

reconstituted 

100 

Salt 

4 

Peaches, canned, freestone 

100 

Sucrose 

20 

Peach syrup, conned 

50 

Wesson oil 

7 

Pudding; * 

1 recipe 

Water 

57 

Butter oil 

13 

Baking powder — Mineral 


Cornstarch 

8 

mixture * 

9.4 

Salt 

1 



Sucrose 

30 



Water 

90 




' Basic recipe was obtained from Leverton ( '53). Yaiiilla or peppermint pudding 
was prepared by adding one or two drops of the extract. Lime or lemon pudding 
v.’as made by substituting 15 gm of the fresh juice (strained) for 15 gm of the 
water. Twenty grams of sucrose was replaced by brown sugar in the butterscotch 
pudding, 

'Sanka was served at breakfast and dinner. Quantities were based on indindual 
preference, but were constant for any given individual, 

’Basic recipe was obtained from Leverton ('53), 

^Muciloso Flakes, Winthrop-Stearns, Inc. 

* The mixture contained 1.8 gm of mineral supplement and 7.G gm of the baking 
powder. The composition of the baking powder and of the mineral supplements 
vero given by Leverton et al, ('50). 

diet used in series II and IH is presented in table 2. In 
series I the diet contained an additional 100 gm of grape juice, 
25 gm of lettuce and 100 gm of potato, or an additional 50 gm 
of potato. In series I the hasal portion of the semi-synthetic 
diet supplied from 0.6 to 1.0 gm of nitrogen and from 0.10 
to 0.25 gm lysine per day depending upon the foods -which were 
included.® In series II and III the hasal portion of the diet 

® The results of the analysis of potatoes were variable; one variety yielded 4.7 mg 
of nitrogen and 1.41 mg of lysine, whereas a second contained 2.7 nig of nitrogen 
and 0.8G mg of lysine per gram of potato. 
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distributed as follows : lot 1, -vveanlings three weeks old ; lot 
2, young adults 9 weeks old; and lot 3, adults 5 months old. 
All I’ats were fed the basal ration used in experiment 1. 

The results obtained from femur fluorine analyses (ashed 
basis) of the rats of the vaiious ages show that the femurs 
of the young weanling rats were fully fluoridated (p.j).m.) 
after 6 weeks’ exposure to the dietary fluorine, while the femur 
fluorine concentration of the two groups of adult rats con- 
tinued to increase for the entire period of 18 weeks (table 1). 
At the close of the experimental period the young adult, 9 
weeks old rat femui*s averaged 80% as much fluorine in parts 
per million as the weanling rats. Likewise the adult rats (5 
months old at the beginning of the experiment) had femur 
fluorine concentrations approximately half those of the wean- 
ling rat. The total fluorine content of the femurs increased 
with the length of the exposure period. The increase, which 
may be accounted for by the growth of the bone, cannot be 
completely explained on this basis since the adult group, lot 
3, would seem to have started with a fully mature femur at 
5 months of age and yet the total fluorine deposited in the 
femurs between 12 and 18 weeks Avas greater than during 
earlier periods. 

Experiment 3 

This experiment was conducted to determine the effect of re- 
exposure to dietary fluorine upon the deposition of fluorine 
in the femur, as related to age when first exposed. Thirty-two 
white rats representing one of three age levels were used per 
lot. Lot 1 was composed of weanlings three Aveeks old, lot 2, 
young adults 9 Aveeks old, and lot .3. adults 5 months of age 
when they Avere first exposed to added dietary XaF (0.10%). 
riio ration AAsed Avas the same as that used in the previous 
experiments. Each lot started Avith 20 rats for the first fluori- 
dation period. In addition. 6 unfluoridated rats served as 
controls and Avere fed the basal ration only until their lot 
mates were ready for refluoridation. Four of these were then 
fluoridated and thus received only a single G weeks e.xjiosnre 
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the total nitrogen content was maintained constant by a suit- 
able reduction of the glycine. 

A mixture of all the amino acids except cystine and tyrosine 
was ball-milled over night and sieved. Any material which 
did not readily pass through the sieve was ground in a mortar 

TABLE a 


Individual daiJ^ allotmcnis of the amino adds and diammonium dtratc 


AMINO ACID 

AMOUNT 

NirnoGE.v 


gvx 

gm 

Solution supplement: 

L-Arginine hydrochloride 

1.549 

0.412 

L-IIistidiiic hydrochloride 

0.519 

0.114 

DL-Isolcucino 

o 

o 

Cl 

CO 

0.342 

L-Leucinc 

1.840 

0.197 

L“Lysinc hydrochloride * 

1.800 

0.270 

L-Mcthionino 

0.820 

0.077 

L'PIicnylalnnino 

1.250 

0.107 

L-Thrconinc 

0.930 

0.115 

L-Tryptophnn 

0.300 

0.041 

l^-Ynliiic 

1.4G0 

0.175 

Glycine 

21.473 

4.009 

Subtotal 

35.201 

5.SG5 

Diammonium citrate 

32.357 

4.009 

Dry powder supplement: 

L-Cystino 

0.480 

0,056 

L'Tyrosino 

0.900 

0.070 

Subtotal 

1.380 

0.120 

Total 


10.000 


' Since this compound was only 95% pure, 1.895 gm was used. 


and the entire batch was returned to the ball mill foi’ ad i- 
tional mixing. One-fourth of the day’s quota of the mixtuie 
was fed at breakfast, and three-eighths each at luncheon an 
dinner. The precise amounts were weighed for each suhjec 
for each meal. Sixty grams of sugar were added to eac 
portion and sufficient hot distilled water was used to put a 
of the amino acids in solution. A diammonium citrate solution 




Thr cfftct of o<ic femur fluorine d€i)osition^ mohiU::ation re'fluorUJaiion the rat 



j\t x ?/ 32 wlcs 33 whs 
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added to cover. After the gases had been exhausted from the 
samples by holding the jars in a hot-water hath for about 12 
hours, the)'' Avere autoclaved for three hours, at 15 pounds 
of pressure, cooled, Aveighed, and sampled for analysis. 

The nitrogen contents of the amino acid mixtures and ad- 
justment solutions and of the food, urine and fecal samples 
AA'ere determined by a boric acid modification of the Kjeldahl 
method (Seales and Harrison, ’20). The lysine contents of 
the foods and amino acid supplements Avere determined by 
microbiological assay (Jones, ’56). Creatinine determinations 
Avere made on the daily urine samples AA’ith either the Peters 
(’42) or the Klctt-Summcrson adaptations of the Folin (’14) 
method. The constancy of the creatinine concentration AA*as 
considered an indication of the completeness of collection of 
the daily urines. 


HESUETS AND DISCUSSION 

In agreement AA’ith the observations of others (Bose, Coon 
and Lambert, ’54; Pratt et al., ’55), a larger caloric intake 
Avas required to maintain the Aveights of the subjects on the 
semi-sj’nthetic regimen, AA’herein most of the nitrogen Avas 
supplied by amino acids and diammonium citrate, than on the 
normal diet of natural foods. On the noi’mal diet the mean 
daily caloric intakes of the individual subjects ranged from 
1540 to 2115 AA'ith a moan of 1974; AA^hereas, on the semi- 
synthetic regimen, they varied from 1761 to 2585 AAdtli a mean 
of 2286. The Ioav values AA’ere for a relatively small subject. 
Expressed as calories per kilogram of body Aveight, the mean 
values for the subjects on the normal diet ranged from 28.3 
to 36.0 AA’ith a mean of 32.8. The comparable figures for the 
semi-sj’nthetic diet Avere 32.7 to 43.0 AA’ith a mean of 37.6 Cal. 
per kilogram. 

Detailed metabolism data for a representative subject are 
summarized in table 4 AA’liich demonstrates the experimental 
plan and sIioavs the fluctuations associated AAuth this type of 
study. For this subject the mean daily nitrogen balances of 
the periods Avhich supplied 0.10, 0.18, 0.22, 0.25 and 0.64 mg 
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maturation. The explanation of these obsei’vations is not clear 
at the present time. 

SUMMARY 

An effect of age upon the deposition and retention of femur 
fluorine has been demonstrated. Fluorine M-as deposited in 
greater amounts in the femur of the young rat than in that of 
the mature rat; howevei’, both the j'oung and mature rat fe- 
murs continued to concentrate fluorine progressively with time. 
Femur fluorine in the rat was mobilized from this bone during 
periods of low fluorine intake. Again age affected the rate 
and extent of such femur F“ catabolism. The mobilization of 
femur fluorine of the weanling rat accompanied by an increase 
in age caused bone changes in the femur which closed a por- 
tion of the available fluorine deposition sites to subsequent 
re-fluoridation. 
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BUUJECT 

0.10 

0.18 

0.23 

0.35 

0.‘l0 

O.CtO 

O.Cl 

l.GO 

Scrirs I 

pm X 

pm X 

pm X 

pm X 

ptn X 

pm X 

pm X 

pm X 

5 


— 1.42 

— 0.35 

— l.IO 



-f O.OS 


G 

— 0.54 

— 0.41 

— 0.08 

— 0.40 



4-0.29 

+ 1.07 

7 


— 0.78 

— 0.30 

— 0.11 



0.00 

+ 0.09 

8 

— 0.02 

— 0.75 

— 0.53 

— 0.3S 



— 0.40 

— 0.12 

9 

— 0,75 

— 0.83 

— 0.46 




4- 0.05 * 

+ 0.45 


Srrirs II 


10= —0.23 

... —0.04 

4- 0.03 


... + 0.5G 

11 —0.71 

... —0.24 

— 0.04 


... + 0.65 

12 — O.SS 

... —0.87 

— 0.05 


... + 0.01 

Scries III 

15 


— 0.79 = 

4- 0.07 = 

... + 0.34 

IG 


— 0.26 = 

0.00* 

... + 0.43 

17 


4- 0.54 = 


... + 

18 


4- 0.59 = 


... + 0.71 

19 


— 0.19 = 


... + 0.14 

20 


4- 0.10 * 


... + 0.27 

Mean — 0.62 

— 0.84 — 0.3G — 0.4G 

0.00 

4-0.04 

0.00 + 0.45 


' Studied at a lysine level 0.56 gm per day. 
- Same as subject G. 

^ The daily mctliioniiie intake was 0.29 gm. 


INDICAls" EXCRETION BY EATS FED 
RAW SOYBEAN OIL MEAL 


EAYJIOND BOECHERS AND D JAXHAKGUIE MOHA5D1AD-ABADI > 
Department of Biochemistry and Xutrition 
Vniversity of Xehraska, Lincoln 

(Received for publication December 10, 1955) 
liS'TEODUCTIOX 

Although there have been occasional publications concern- 
ing indican (potassium 3-indosyl sulfate), the attitude toward 
research on this subject has been aptlv described by MeiMe- 
john and Cohen (’42): “For nearly a quarter of a century, 
there has been a general absence of interest in the significance 
of the urinary excretion of indole derivatives. The doctrine 
established by tradition that urinary’’ indoles are derived from 
putrefactive processes in tlie intestines apparently has made 
further investigation of this subject unprofitable.” The au- 
thors are aware of no direct proof that indican arises from 
intestinal putrefaction or more particularly from tryptophan 
degradation although such may be presumed from available 
data. Underliill and Simpson ( ’20) reported that indican 
was increased by a meat diet and that only a trace of indican 
was excreted on a gelatin diet. On the other liand, Sherwin 
and Hawk (’14) reported that indican excretion continued in 
a dog wliich was fasted for 117 days. The in vino formation 
of indoxyl by means other than putrefaction and from com- 
pounds other than indole or its immediate derivatives has 

' tvith tho approval of the Director as Paper no. Tir», .Toiimal 

Xehni'ha AfrnVultural Experiment Station, Some of the^o wrrr tnkm from n 
pre<;ontcil bv Djanhansrtiir Mohammnri-Abndi to the Grndunte Col]o;;e, ITnivcr* 
^ity of Xrbrn^k.i, in partial fnlfillment of the requirement-^ for the S, Dej^rce, 
June lOrt.l. A preliminary report 'tvn*; jjiven at the annual rne^tinjj of tlic 
Amenran Jn'^titiite of Xutrition, San Franri^^o, April lP*ri. 
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selected diets of women fiirnislied 1.7 to 8.6 gra of lysine daily 
(Futrell ot nl., ’52; Eeynolds, Futrell and Baumann, ’53). 
Bforeover Block and Bolling (’51) have calculated that the 
“average” American diet supplies 5.2 gm of lysine per day, 
and that even the diet of the lowest income urban group yields 
4.0 gm of lysine. 

Dh-VaVme. With all other factors constant for a given 
subject the use of the racemic mixture as the source of 
L-valine in series III (table 6) had little effect on the nitrogen 
balances of these subjects. The averages of the mean daily 

table c 


Mean daihj nitropen holances on IJG gm of h-valinc and on S.9^ p7n of DJ^valinc 
in the ai7uno acid supplcincnis 


BUnJECT 

i)An<v NirnOGHN' nAr..\NCi: * 

l.‘IG pin l>-Vnhnc 

2.92 pm DU’Vnline 


am 

pm 

15 

+ 0.07 

+ 0.1C 

17 

+ 0.54 

— 0.29 

18 

-b 0.59 

-f 0.06 

19 

— 0.39 

— 0.20 

20 

-f 0.1 G 

-f 0.31 

Menu 

-f 0.C3 

0.00 


' AU subjects received 0.20 gm of nietliionino nnd about 0.5 gm of cvstinc per 
day. Subject 15 received 0.50 gm of lysine per day, while the rcmaiiiiug subjects 
received 0.‘10 gni per day. 


nitrogen balances for all subjects Avere + 0.23 gm ( — 0.19 
to +0.54) on the L-valine and 0.00 gm (+0.29 to +0.31) 
on the DL-valine. 

SUJniABY 

The effects of various levels of lysine intake on nitrogen 
balance Avere studied in 14 AAminen maintained on a semi- 
synthetic diet in Aidiich about 95% of the total nitrogen Avas 
furnished by pure amino acids and diammonium citrate. From 
data obtained in this experiment, it appears that 0.40 to 0.50 
gm lysine per day is adequate for the establishment of nitrogen 
balance in Avomen under these conditions. 
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niner vitamins (including 2pg vitamin Bjs), minerals, starch 
and fat (for details, see Borchers and Ackerson, ’51). Urine 
samples, collected under mineral oil, were obtained on alter- 
nate two-day periods beginning on the 4th day of feeding. 
Indican was determined by a quantitative modification of the 
Obermayer test as described in detail by Zacherl (’33). Ee- 
sults are expressed as milligrams of indican excretion/day/lOO 
gm body weight. Because of ^vide variations in excretion by 
the same animal in successive periods, data for progressive 
changes with time in indican excretion are not presented. 

EXPERIMEKTS AXD RESULTS 

Rats fed raw soybean oil meal gained 2.93 gm/day and 
excreted 3.83 mg of indican/100 gm body weight/day; those 
fed autoclaved soybean oil meal gained 4.15 gm and excreted 
0.89 mg of indican. These results are itemized in table 1, 
experiment 1. 

In the second experiment, 5^0 of crude trypsin powder was 
added to each ration. A previous report (Borchers and Ac- 
kcrson, ’51) established that the addition of 5 % of crude 
trypsin equalized the growth rate of rats fed autoclaved versus 
raw soybean oil meal (addition of 5% of casein was ineffec- 
tive). In experiment 2, growth was similar for autoclaved 
and raw soybean oil meal plus trypsin. However, indican 
excretion on the raw soybean ration plus trypsin continued 
at a high level as in experiment 1. 

IVellers (’53) reported that dietary indole did not depress 
growtii provided adequate cystine or methionine was included 
in the ration. His publication gave no data on indican excre- 
tion. Hence, it was necessary to establish the effect of indole 
on rats fed soybean rations and to determine the actual level 
of indican excretion after indole feeding. In experiment .3, 
indole was fed at levels of 0.05 and 0.1(1 in an autoclaved 
soybean ration. These levels did not affect the growth rate. 
Indican excretion on O.OoU of indole was apjiroxiinately equal 
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to, and on 0.1 fo of indole twice that of rats fed raw soybean 
oil meal in experiments 1 and 2. Similar resnlts were obtained 
when 0.1% of indole was added to a raw soybean oil meal 
ration. The average amount of indican excreted at either 
the 0.05 or 0.1% level accounted for approximately 40% of 
the indole intake. UTiether the remainder was not absorbed or 
was metabolized in some other manner was not determined 
in these experiments. Feeding of indole above 0.1% has re- 
sulted in some depression of the growth rate which was due, 
in part, to reduced food consumption. 

If indiean arises from bacterial action in the intestine, 
suppresion of bacterial growth should reduce indole produc- 
tion and indican excretion. Furthermore, if indican or its 
precursors or bacterial action in general are the cause of 
growth depression, suppression of intestinal bacteria should 
not only decrease indican excretion but should as well in- 
crease the growth rate of rats fed raw soybean oil meal. 
Since earlier experiments in our laboratoiw with antibiotics 
fed at moderate levels had shown no effects on growth of 
rats fed autoclaved or raw soybean oil meal rations, strep- 
tomycin sulfate was fed at a level of 0.1%. In this experiment, 
the usual difference in growth rate between animals fed auto- 
claved and raw soybean oil meal was observed. However, 
indican excretion was reduced for both the autoclaved and raw 
soybean rations; the excretion was approximately equal for 
the two rations as shown in experiment 4 of table 1. The 
0.1% level of streptomycin has. in some experiments, stimu- 
lated the growth rate of rats fed raw soybean oil meal. A more 
detailed report of these feedings will be published later. 

inscrssiox 

These investigations were conducted to determine whether 
a cansal relationship existe<l between the increased excretion 
of indiean and the reduced growth rate of rats when raw 
soybean oil meal was fed. If the assumption is made that 
possible intestinal putrefactive compounds, such as indole. 
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and rubidium did not gain so Avell as tliose receiving rubidium 
alone, indicating that Avben potassium vas present rubidium 
acted as a poison. lie observed nervous conditions in rubid- 
ium-fed rats. Certain liistological changes were found in 
rats receiving potassium-deficient diets and also in those re- 
ceiving diets containing botli rubidium and potassimn, but 
not in those receiving rubidiiim alone. 

The biological effects of rubidium assume an added interest 
since radioactive rubidium nov is used as a tracer for 
potassiima (Love, Romney and Burch, ’54; Threefoot, Ray 
and Burch, ’55; Burch, Threefoot and Ray, ’55). Love and 
Burch ( ’53), who used Rb®° as a tracer in an in viiro study of 
erylhrocjde electrolyte metabolism, pointed out that absolute 
reliance on the metabolic similarity of rubidium and po- 
tassium was not .iustified. 

In view of the limited information on the effects of ingested 
rubidimn and of the somewhat conflicting findings on rubid- 
imn when used witli or in place of potassium, this study of 
feeding different levels of rubidium in various combinations 
with potassium and sodiiun in a purified diet was undertaken. 

EXTERIJIENTAL 

Experiment 1. The first experiment was on the effects of 
feeding different levels of rubidium in the purified diet vdth 
and without sodium. The 13 experimental groups used in this 
study consisted of random selections of two male and tivo 
female weanling rats, 21 to 27 days of age, weighing between 
33 and 63 gm. The rats were individually housed in cages 
constructed with open-mesh floors which allowed droppings 
to pass through. The animal room was kept at a temperature 
of 75 to 80°C. 

The synthetic basal diet used was patteimed after those of 
Sporn et al. (’47) and Meyer et al. (’50). Alterations were 
made in the proportions of the alkali metals as shown in 
table l.° This basal diet proved to be reasonably adequate 

' Analysis of the basal diet revealed it was not so free of sodium as expected. 
It contained O.OOG% of sodium, mostly from the casein used. 
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marked decrease in indican excretion, -was -sntliont effect on the 
comparative growth rates of rats fed autoclaved and raw 
soybean oil meal. Since the reduced growth rate mth raw 
soybeans persisted while indican excretion was markedly 
reduced, it seems unlikely that events leading to the excretion 
of indican have any effects on the growth rate. Or, the factors 
which reduce the growth rate of rats fed raw soybean oil meal 
are operating in the absence of indican excretion. Therefore, 
the reduced growth rate and increased indican excretion fol- 
lowing raw soybean oil meal feeding are unrelated phenomena ; 
neither may be regarded as a cause or a result of the other. 

The question as to the actual source or cause of the in- 
creased indican excretion remains unanswered. The assump- 
tion that bacterial putrefaction is a factor seems warranted 
in view of the suppression of indican excretion after strep- 
tomycin feeding. In this connection, Carroll et al. (’.52) have 
concluded, on the basis of chromic oxide marker experi- 
ments, that a greater proportion of the nitrogen reached the 
cecum when rats were fed ra-w soybean oil meal than when 
fed autoclaved meal. These authors then reasoned that much 
of this cecal nitrogen must be absorbed from the cecum, 
presumably as putrefactive products. Such cecal absorption 
would then account for the generally observed similar diges- 
tibility values for raw and autoclaved soybean oil meal. How- 
ever, similar marker studies in our laboratory (Borchers, ’53) 
failed to substantiate the basic observations of Carroll et al. 
(’52), thus vitiating their reasoning that cecal absorption was 
an important factor in raw versus autoclaved soybean di- 
gestibility studies. 


SOIMAEV 

Bats fed raw soybean oil meal wore found to excrete about 
4 times as much indican and to gro^v at about three-fourths 
tlie rate of rats fed autoclaved meal. Addition of crude trvf). 
sin powder to the rations equ.alized the irrowtli rate without 
affect inc ituliean excretion, .•\ddition of indole to rations 
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'Number outside parentheses is calculated quantity added. Number within parentheses is content by analysi 

* Only three surviving rats at this stage. 

* Only one surviving rat at this stage, 

® Only ivio surviving rats at this stage. 



EFFECT OF OVAEIECTOilY AXD 
ACmNISTEATION OF OVAEIAN HORICONES AND 
TESTOSTERONE ON NICOTINIC ACID 
SIETABOLISM OF RATS^- 

MAKY E, LOJKIX 

Xuirifion JResearch Laboratory ^ School of Rome Economic?, 

TJniversxiy of ytassachuscttsj Amherst 

(Kcccived for publication February 25, 1956) 

In a previous report on the metabolism of nicotinic acid in 
pregnancy (Lojkin, Wertz and Dietz, ’52), the theoiy was 
offered that the increased urinary excretions of metabolites of 
nicotinic acid observed in pregnant women and rats might 
possibly be attributed to the changes that occur in endocrine 
functions during pregnancy. Although the secretory activity 
of several hormones changes during pregnancy, it appeared of 
special interest to investigate the role of estrogen and pro- 
gesterone, which are present in greatly increased concentra- 
tions during pregnancy, and of testosterone, which under cer- 
tain conditions can inhibit (Turner, ’55) or bo inhibited 
(Martin et ah, ’55; Pincus and Dorfman, ’55) by ovarian hor- 
mones. 

A few short preliminary experiments were designed to ob- 
serve how these hormones affect the urinary excretion of 
N'-methylnicotinamide (MNA) and tlie acid-hydrolyzable 
metabolites of nicotinic acid (NA) by the female rat. These 
tests indicated that the administration of testosterone pro- 
pionate produced an immediate response, which consisted of 

* Coiitributiou of tlic University of Ajrriculturnl Exp«'rin:ent 

Stntion. 

* by title before tbe Anierienn In<tituto of Nutrition, r*‘»i»'rntion of Am- 

ofienn for Kxiwrimcntol Biology Atlrmtir Citv, 195 ^. 
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(Vpyrttht 

Tl.«* Wiftar <’? »r.d 

ATI rtfh.l* rr^c'rx '‘I 
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and all 6 females lived more than 300 days. All mothers killed 
their first litters but 11 of 30 young of the second litters sur- 
vived. Five second generation females had young resulting 
from the first mating, hut only one litter was raised. In a 
second mating, three of 4 females gave birth to young, but 
only one litter was raised. Two females had a third litter, 
but no young were raised. One 4th genei'ation litter was born 
to a female in this dietary gi-oup. 

Experiment 2. A second experiment was conducted using 
a basal diet lower in content of alkali metals. In this study, 
diets contained different levels of sodium, potassium and ru- 
bidium, both alone and in combination. In experiment 1, no 
variation was made in potassium content. 

The basal diet was the same as showm in table 1, with the 
following modifications. Vitamin-free casein was substituted 
for alcohol-extracted casein, since the former was foimd 
to contain less sodium and potassium. Potassium salts were 
not used in the mineral mix. Nil, I was substituted for HI. 
Calcium and phosphorus wore supplied by 48.90/^ of 
Ca(ILPO<)o-nA and 31.76% of CaCOa in the mineral mix- 
ture. Diets and tissues were analyzed for sodium, jDotassiinn 
and rubidium as in experiment 1. 

In experiment 2 the groups of rats are designated by sym- 
bols indicating the lands: and amounts of alkali metals added 
to the basal diet (table 3). A single sjmibol indicates a con- 
tent of 0.25% of that element and a double symbol tmee that 
amoimt (e.g. Pb, 0.25% rubidium; NaK, 0.25% sodium and 
0.25% potassium; KK, 0.50% potassium). B.O. designates 
basal diet only and L.C., laboratory chow (control group). 
Equimolar quantities of the alkali metals were not used since 
an amount of rubidium equimolar to desirable experimental 
levels of potassium and sodium could be tolerated but a few 
days. 

In experiment 2 weanling rats from the stock colony, 24 
to 28 days of age, were randomized into 12 groups, each con- 
sisting of 4 males and 4 females. The rats were placed in 
individual cages, kept in air conditioned space, and given 
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induced by ovariectomy and by injections of a combination of 
progesterone and estrone, and testosterone propionate. 

METHODS AXD PBOCEDTJBES 

Adult female albino rats, weighing approximately 300 gm, 
from a strain originally obtained from the Connecticut Agii- 
cultural Experiment Station, were used in this investigation. 
They were fed ad libitum a stock breeder’s ration consisting 
of 10% meat scraps, 60% whole wheat, and 30% whole milk 
powder, to which 1.5% NaCl was added. This ration con- 
tained 44 Mg of nicotinic acid and 1.5 mg of tiyptophan per 
gram. The animals were maintained in metabolism cages con- 
tinuously throughout the experimental periods. Records of 
the daily food intake were kept, and the weights of the rats 
were recorded at intervals during the study. Twenty-four- 
hour urine samples were collected under toluene, diluted to 
volume, filtered, and stored frozen at — 20°C. until analyzed. 
Determinations of MNA were made on each individual daily 
sample of urine by the fluorometric method of Huff and 
Perlzweig (’47). Representative samples were analyzed for 
nicotinic acid by the microbiological method of the Association 
of Vitamin Chemists (’51). Samples from the ovariectomized 
rats in experiment I were analyzed for tryptophan microbio- 
logically \\ii\\ Leuconostoc mesenieroidcs as the test organism 
by the method of Steele et al. (’49). 

Experiment 1. Six adult female rats were placed in in- 
dividual metabolism cages and 24-hour urine collections made 
for from 5 to 12 days. At the end of this period, the rats were 
ovariectomized. In 4 to 6 weeks after the operation, the 6 
ovariectomized rats as well as 6 intact rats were placed in 
individual metabolism cages and 24-honr urine collections 
made for a pre-injection period of at least 9 days, an injection 
]ieriod in which a combination of 4 mg of progesterone and 
0.5 Mg of estrone in sesame oil was administered intramuscu- 
larly for 10 consecutive days, and a post-injection period of 
.vuflieient duration for the excretion of MXA to approach the 
pre-injection level. This dosage of j»rog(>sterojie and estrone 
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daily care. They -were fed ad libilum, as in experiment 1, and 
a record of food consumption was kept. Live rats were 
weighed every 4 days, and tliose that died were weiglied soon 
after death. 

Average weights of eacli gi’oup of rats at certain periods 
and survival times are in table 3. E.'its receiving basal diet 
only (B.O.) failed to grow, those receiving sodium (Na and 
XaNa) grew little; those receiving rubidium (Eb and EbEb) 
grew at early stages compai’able to those receiving potassiiun 
(K and KK). The sodium-rubidium (XaEb) and potasshun- 
rubidiurn (KEb) diets produced comparable early growth. 
Eats receiving the sodium-potassium combination (XaK) 
grew better than those of any other grou]), excej^t for the 
controls (L.C.), which averaged a little heaviei*. 

Eats eating a diet practically devoid of sodium, potassiiun 
and rubidium (B.O.) survived a mean of 53 days. Adding 
rubidium (Eb and EbEb) decreased mean survival tune to 
23 days and 13 days, respectively. Adding sodium (Xa and 
NaXa) alone, decreased survival time to 37 and 33 days, 
respectively. Adding potassium (K and KIv), hoivever, in- 
creased survival time to 99 d.nys or more. Survival time on 
the sodium-rubidium (XaEb) diet and the rubidium (Eb) diet 
was approximately the same. Eats receiving the potassium- 
rubidium combination (KEb) survived longer than those re- 
ceiving rubidium (Eb) alone but died earlier than those re- 
ceiving jDotassium (K) alone. 

'\^nien an animal died, it was dissected and gross examina- 
tion made of internal oi’gans. Symptoms of rubidium toxicity 
observed before death of the rats were the same as described 
in experiment 1. Post mortem findings were not conclusive 
as to the cause of death. Animals receiving no alkali metal 
except sodium were bloated before death, and post mortem 
examination revealed abnormal quantities of a free, watery 
fluid in the abdominal and thoracic cavities. 

After death of each animal the following organs were re- 
moved, weighed and preserved for analysis: lungs, heart, 
liver, kidney, brain. In addition, samples of bone and muscle 
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also for individual rats of the same strain, have been previ- 
ously reported (Perlzveig et al., ’43; Lojkin et al., ’52). 

There -were also quantitative variations in the responses 
of individual animals to both ovariectomy and hormonal 
therapy. Hovrever, the trend in the changes of the excretion 
of the metabolites of nicotinic acid induced by these treat- 
ments Nvas similar in all the animals studied. Ovariectoiny 



Fig. 1 AvoraRc <laily urinary excretions of X'-niethylnicotinamifle for intact 
rats and oraricctomizotl rats injected with a comhinaliou of 4 of progesterone 
and of estrone for 10 consecutive days, expressed as percentages of initial 

values. (The avornpe initial value for the intact rat*! is 19G Atg/24-hour; the 
average initial pre-ovnncctoniy value is 22G jUg/i24-hour.) 


resulted in a marked drop in the MNA and XA output of all 
the rats. The decreases averaged 33 and 237'^ of the initial 
values for MXA and XA, respectively, and vere statistically 
significant at the probability level. The excretion of the 
metabolites of nicotinic acid by the ovariectomized rats re- 
mained unaltered during tlie first two days of hormonal ad- 
ministration. A gradual augmentation was noticeable in most 
of tile rats on the third day (fig. 1). The MXA and X’A ex- 
cretion approached the initial jire-ojierative levels on the 7th 
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and 5tli day, respectively, and reached maximum values for 
MNA on the 11th or 12th day and for XA on the 9th to 12th 
day after the first injection. Declines in the excretion values 
started after the 11th to 15th day and continued for periods 
Avhich varied in duration for the individual animals. On the 
average, the values returned to levels approaching the pre- 
injection values by the 25th day. 

Administration of 4 mg of progesterone and 0.5 yg of es- 
trone to intact rats (fig. 1) induced changes in ilNA and XA 
excretion which followed the general trend observed in ovari- 
ectomized rats, although a longer period of time was required 
for the occurrence of the response. On the average, the ISINA 
and XA values started to rise after the 8th and 6th day, re- 
spectively, of hoi’monal administration. Although the results 
from the individual rats tended to fluctuate rather than to 
increase steadily from day to day, the moan values changed 
steadily fi'om one period to another (table 1). The daily ex- 
cretion values reached their maximum levels for the different 
rats after intervals that varied in duration from 11 to 15 
days for ilXA and from 8 to 12 days for XA. The excretions 
approached the pre-injection levels during the 20-to-25-day 
period. 

Results of a comparison of the excretion values during 
the different periods of the experiment (table 1) indicated 
that the maximum MX A excretion of the ovariectomized in- 
jected rats exceeded the pre-injection values by 203 pg or 
1345i and the pre-ovariectomy values by 129 pg or .57^. The 
average for the 5-day period (11th to 15th day), in which the 
maximum response occurred, exceeded the pre-injection levels 
by 141 pg or 93% and the pre-ovariectomy levels by 67 pg or 
30%. In the intact rats the maximum MXA values and the 
average values for the 5-day period during which the maxi- 
mum MXA e.xcretion occurred exceeded the average intial 
pre-injection values by 119 pg nr 61% and 63 pg or 32%, re- 
spectively. All these differences were statistically significant. 

A highly significant correlation between the MXA and XA 
excretion was found in each of the rats. In botli tlie ovari- 
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of the two groups of rats varied from 11 to 15 gm for the dif- 
ferent periods, but indicated no consistent trend from period 
to period. Although the initial weights of the two groups of 
rats were the same, the average initial excretion values for 
MNA and NA were somewhat higher for the group of rats 
that were to be ovariectomized than for the group of noi’mal 
intact rats. These experiments did not indicate any significant 
correlations between the metabolites of nicotinic acid excreted 
and the weights, or food intakes, of the rats. 

table 2 

Average nnnan/ rjrcrction of K*-yneihyl'nicoiinami&€ and ilic add' 

hydrohjzahU vxeidboXitc& of nicotinic acid (XA) hg ovariectomized 
and intact rats injected icith S mg iesiosicrone propionate 
for S consecutive dags, expressed <15 percentages 
of initial values 


NO. or nATJs 

Period 

Dnys 

ovariectomized rats 

INTACT R-\TS 

3 

MN'A 

3 

XA 

3 

Food 

intake 

2 

MXA 

2 

XA 

*y 

Food 

intake 



non 

4 hr. 

gmfdny 

nff/S 

4 hr. 

gmnny 



Initial values 

Initial values 

Pro*iiijcction 


140 

7S 

33 

IGl 

97 

14 



</c of initial values ’ 

of initial values ’ 

Prc'injoctioji 


100 

100 

100 

100 

100 

100 

Injection 

1~5 

57 

74 

104 

50 

78 

109 

Post'injection 

0-8 

S3 

104 

110 

49 

S9 

ion 


P-n 

110 

117 

104 

61 

96 

304 



124 

131 

110 

75 

103 

106 



US 

14S 

110 

110 

121 

132 


* Avrrnpo of the ituHviflual perceiitnfje?. 


Effect of icf^iosleroue 

Data regarding urinary excretions of MXA and XA as well 
as the food intake of ovariectomized and intact rats injected 
with testosterone ]n‘opionate are presented in table 2. The 
figures rejiresent the averages of the results obtained from 
analyses of separate 24-hour samples for each rat for the 
pre-injection period, a .5-day injection period, and .“l-day post- 
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longevitj^ that precludes full metabolic interchangeability. 
Heppel and Schmidt (’38) expressed the same idea. 

When a total of less than 400 mg of alkali metals was fed 
to rats during a 14-day balance study, rubidium resembled 
potassium more than sodium in that the major part was re- 
tained in the body. Ingested rubidium Avas similar to sodium 
and potassium in that the main path of elimination was by 
the Iddncys rather than by the digestiA'e tract. This is in 
accord with findings of jMendel and Closson (’06) and Freed- 
berg, Pinto and Zipser (’52). 

Purified diets that contained as little as 0.1% of rubidium 
in presence of 0.25% of potassium wore toxic, as judged by 
growth and re])roductivo performance. Toxicitj’ increased 
as the rubidium content of the diets was increased, and 0.20% 
of rubidium markedly decreased surviA'al time. Toxicity also 
Avas increased by the addition of sodium to the diets, although 
groAvth Aip to a short time before death Avas improA’cd by so- 
dium. Diets containing 0.25% of rul)idium Avere more toxic 
in the absence of potassium than those that also contained 
0.25% of potassimn. 

The more toxic clTecls of dietary rubidium in the absence 
of potassium, or presence of only small amounts, is in agree- 
ment Avith the findings of !Mitchell et al. (’21) and Heppel 
and Schmidt (’38). The present observations that rats lived 
longer on a diet containing both potassium and rubidium than 
on one containing I'ubidium alone is not in agreement with the 
report by Follis (’43). HoAVCAmr, it is difficult to compare 
present results Avith those of other Avorkers cited because of 
the differences in experimental conditions. 

Heppel and Schmidt ( ’38) analyzed carcasses of rats fed 
tAvo IcAmls of rubidium and potassium and reported that in 
both groups there Avere differences in molar concentrations 
of rubidium and of potassium but that the sum of these two 
elements Avas about the same in both groups. One might ex- 
pect a similar finding in this study if the sums of molar con- 
tents of rubidium plus potassium in the tissues were calcu- 
lated. All tissues from rats eating diets containing rubidium 
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activity induced by ovariectomy resulted in marked decreases 
in the excretion of both MNA and Is A. The initial pre-ovari- 
ectomy MNA and NA excretion levels exceeded those of the 
ovariectomized rats by approximately 50 and 30%, respec- 
tively. 

Increases in the amount of ovarian hormones present in 
the animal’s body as the result of the administration of a 
combination of 4 mg of progesterone and 0.5 Mg of estrone, 
induced definite increases in the output of nicotinic acid meta- 
bolites. In the rats whose MNA and NA excretion had been 
lowered by ovariectomy the total rise and the rate of augmen- 
tation of the excretion of these metabolites were especially 
pronounced. 

The increase in the ilNA and NA excretion of the ovari- 
ectomized animals became noticeable on the third day after 
the beginning of the hormonal administration. The MNA and 
NA values of these rats increased by approximately 50 and 
30%, respectively, and thus reached the levels of their initial 
pre-operative excretion values, before the excretion of the 
intact rats began to rise. Subsequent elevations in the excre- 
tion values of the nicotinic acid metabolites proceeded at ap- 
proximately equal rates in both groups of rats. The maximum 
MNA and NA excretion values reached by the ovariectomized 
vats exceeded their initial pre-ovariectomy levels of excretion 
by 57 and 48%, respectively, and those of the intact animals 
exceeded their initial MNA and NA values by 61 and 46%, 
respectively. These results indicate that under the conditions 
of the.se experiments, hormonal therapy could elevate the 
excretion of nicotinic acid metabolites to a certain definite 
per cent above the initial %'alues, regardless of whether the 
hormones were administered to ovariectomized rats, which had 
low pre-injection excretion values, or to intact animals, which 
had higher pre-injection MNA and NA excretion levels. 

In the study of the metabolism of nicotinic acid in }>reg- 
nancy (Lojkin et al., ’52), it was observed that urinarv ex- 
cretion of MNA and NA in pregnant rats increased irradnallv 
with the duration of pregnancy, and exceeded, durintr the 
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tissues. There "were small reductions of the molar concentra- 
tions of the sum of sodium plus potassium in the tissues of 
rats eating diets containing rubidium, but the sum of molar 
concentrations of alkali ions was increased markedly. Eu- 
bidium reijlaced only a small amount of the sodium and po- 
tassium of tissues and apparently Avas retained in addition 
to them. 

The inclusion of sodium in diets containing rubidium in- 
creased early growth of rats but decreased survival time. 
The 2)resence of potassium in diets containing rubidium caused 
better growth of rats and longer survival than rubidium alone. 
Rubidium appeared to substitute only partially for potassium. 

In blood, rubidium was found in much higher concentra- 
tions in the cells than in the scrum fraction. The kidney was 
the main path for elimination of rubidium. 
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■ tories, the decreases in the excretion of nicotinic acid metabo- 
lites resulting from injections of testosterone propionate, -were 
of the same order of magnitude for the ovariectomized rats 
and for their intact controls. This similaritr would indicate 
that the decreases could not be attributed, at least entirely, to 
inhibiting effects between the ovarian hormones and testos- 
terone. However, the prolonged depression in the levels of 
MNA and KA excretion in the intact rats, compared to the 
very rapid return to higher levels of excretion in the ovari- 
ectomized rats, suggests that the presence of ovarian hor- 
mones may to a certain degree influence in some Avay, pos- 
sibly indirectly, the effect of testosterone on the metabolism 
of nicotinic acid. 

SUMMAKY 

Hormonal activity of female rats was changed by means 
of ovariectomy and by administration of ovarian hormones 
and of testosterone propionate. 

In a group of rats that excreted on the average 225 jjg/24- 
hour of N'-methylnicotinamide (MNA) and 133 pg/24-hour of 
the acid-hydrolyzable metabolites of nicotinic acid (XA), 
ovariectomy resulted in a moan decrease of 33 and 23%, re- 
spectively, in the urinary e.xcretion of HXA and XA. 

Ten daily injections of a coml)ination of 4 mg of proges- 
terone and 0,5 Mg of estrone resulted in statistically signifi- 
cant rises in the excretion of the nicotinic acid metabolite.^. 
The maximum MXA and XA excretion by the ovariectomized 
rats e.xcecdcd their pre-injection excretion values, on the aver- 
age, l)y 134 and 93%, respectively. The percentages of in- 
creases of tlie excretions of ovariectomized and intact animals 
over the levels of the initial excretions were of the same order 
of magnitude, regardless of whether the honnones were ad- 
ministered to the intact or tiie ovariectomized animals. The 
maximum rises averaged ajiproximately .59 and 47%. res{)ec- 
tively, for MX.\ and X-\ e.xoretions. 
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no attempt to determine tlie accuracy of single urine samples 
as estimates of the true excretion rate. The advantages or 
disadvantages of the throe pai'ametors — time, creatinine, 
and urine volume — to which the excretion may be compared 
ai-e not Iniown in quantitative terms. AVe have attempted to 
make such estimates in the present paper with regard to 
riboflavin exeretion. Urine was collected every two or 4 
hour’s from a series of subjects and the variation in riboflavin 
excretion per Imur, per milligram of creatinine, and per milli- 
liter of urine has been compared. 

Eegardlcss of the method of expressing the results, it may 
be assumed that the longer the collection period, the more 
accurately the sample will estimate the true average rate of 
excretion. From the data obtained, it was also possible to 
estimate the improvement in accuracy obtainable by increas- 
ing the time of urine collection, 

EXPEnniENTAI. 

Data were obtained in two separate experiments. In the 
first, the subjects were 4 mentally-subnormal men between 
the ages of 20 and 43 years. Two had mongolism and the 
other two were mentally subnormal following brain damage. 
AVe have been unable to show a significant difference in the 
excretion of riboflavin in mongoloids as compared to other 
types of mentally deficient patients. The subjects in this 
study consumed their usual diets in the same institutional 
dining room and records were kept of the kind and weight 
of food consumed. Estimates of the riboflavin intake were 
made using standard food tables. The diets contained con- 
siderable amounts of milk and were accordingly high in ribo- 
flavin. The usual intakes were from 2.5 to 3.5 mg of riboflavin 
per day and on the two days during wliich urine collections 
Avere made the mean intakes Avere betAveen 3.2 and 3.4 mg 
per day. Ideal hours Avere uniform Avith breakfast at 7 a.m., 
lunch at 12 : 30, and supper at 5 p.m. The three meals pro- 
vided approximately 25, 45, and 30^ of the total riboflavin 
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Xiiinerous attempts have been made to define the mechanism 
by vliich antibiotics exert their grovth-promoting effects in 
swine since it was discovered (Jukes et ah. ‘50) that an 
antibiotic, anreomycin, was the cause of greatly increased 
gains of growing swine fed a crude “Animal Protein Factor’’ 
supplement. Control of disease level (Speer et ah, ’50), 
sparing of niacin (Powick et ah. *50), sparing of methionine 
((’nnha et ah, ’49), and sparing of crude protein (Cunha et ah, 
*50; Catron et ah, *52; Burnside et ah, *54) have all been 
])roposed as explanations for the mode of action of antibiotics. 
Diets adequate in the B vitamins and containing 15 or 18% of 
crude protein were of equal value for weanling ]iigs iji the 
presence or absence of supplemental oxytetracycline fter- 
ramyoin), but a possible sj)aring effect of oxytetracycline upon 
jirotein requirement was not indicated (Hoefer et ah. *52). 
It has been pointed nut that for an antibiotic to exert a true 
sitaring action on the jirotein requirement of ])igs (.Teiisen 
et ah. ’55). it would be necessary for pigs fed low ])rotein diets 

* with the :;]»prov:il vf tin* I)irt.*rt<^r 7-*', Jourrtrtl 

Nrbrn'^kn Ayrriculturnl Ksperiment Station. Pnrt of n bv •*.« 

'^rtjor niitl.or to tltc O^nr^s*. Tniver^itT of rrbnnn, in 

f ulfUlnv r.t of th^ for th»* of 
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devialions. Other reasons for (lie use of logarithms were 
found in the observation that the distribution of the data 
tended to be skewed toward high values, and that the coeffi- 
cient of variation for ditferent subjects was of similar mag- 
nitude although the mean excretion rate varied. The values 
for the points, two standard deviations of either side of the 
geometric mean, were obtained and the antilogarithms of 
these values expressed as pei'centage of the mean value. Ap- 
proximately db% of the values are expected to fall within 
±: 2 standard deviations of the mean value. 

Logarithms were not used for calculation of the standard 
deviations of the creatinine output. 

We also desired to compare the relative variation in two- 
hour collections as compared to 4-hour collections and longer 
periods. For this purpose the riboflavin and creatinine ex- 
cretions and urine volumes for each pair of two-hour periods 
were added together to give 4-hour periods, etc., and the 
excretion per milligram of creatinine and per milliliter of 
urine recalculated. Logarithms of the values were used for 
the statistical calculations as described above, and the results 
expressed in the same way. It is realized that these are not 
independent estimates but the findings are of practical in- 
terest. 

Finally, in the subjects who consumed the low-riboflavin 
diet, the urinary excretion of riboflavin gradually declined 
during the collection peidod. In order to obtain a better esti- 
mate of the variation due to unknown causes, the deviations 
from the mean which could be accounted for by linear regres- 
sion (due to the gradual decline in excretion) were subtracted. 
It is realized that the regression may not be linear but more 
extensive manipulation of the limited data available is prob- 
ably not justified. Also, the expression of the variation about 
the line of regression as percentage of the mean excretion 
may be criticized. These factors may explain the' somewhat 
greater valuation seen in the data from the subjects con- 
suming low riboflavin diets than in the subjects in the first 
experiment. 
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diets and environment, adjustment periods of at least 8 days 
between collections from tbe same pig, 7-day periods for 
collection of feces and 5-, 6- or 7-day periods for collection 
of nrine. All collections were made using adjustable cylin- 
drical swine metabolism cages patterned after those designed 
by Bell (’48). 

Tbe basal diet consisted of tbe following by weight ; ground 
yellow corn, 82.8 ; solvent soybean oil meal, 9.8 ; meat scraps, 
4.9; steamed bone meal, 2.0 and iodized salt, 0.5. Adequate 
amounts of vitamins A and D, riboflavin, niacin, pantothenic 
acid and choline were included in the diet along with a trace 
element mixture. This diet contained 14.1% of crude protein 
based on nitrogen determinations of the basic ingi'edients. The 
basal diet was fed unsupplemented (treatment 1) and with 
the following levels of supplements indicated per kilogram of 
diet: 22 mg of chlortetracycline (treatment 2), 11 pg of 
vitamin Bi._. (treatment .3), or a combination of the above 
levels of chlortetracycline and vitamin Bjo (treatment 4). 

Each diet was fed at levels closely approximating 2.9, 3.5 
and 4.1% of the live weight of the individual pigs during the 
different collection periods, thus making a total of 12 sub- 
treatments. The daily feed intake of each pig, based on the 
predicted moan weight for the pig while on collection, was 
hold constant during the last 4 days of the adjustment period 
and all of the collection period. 

All data have been summarized to present animal weights 
as mean weight expressed in kilograms for the time that the 
individual pigs wore on collection. These mean weights of 
the individual pigs have been reduced to to eliminate 

insofar as possible the influence of difference in body weight, 

, between different jnir.' and dilTerent periods (Brody and 
Procter. '.32). This ap])roacli was recently Tised in studyintr 
nitrogen metabolism of ])i'rs fed varying concentrations of 
dietary ju'otein (Armstrong and .Mitchell, '.'i.l). Armstrong 
and Mitchell fed tlndr animal‘s at a level fif .",'^1 of hodv weight 
raised to the power while all j)igs ns“d in tln-se inve-tiga- 
tions were fed on the ha'-i'- of actual body weight. 



5SG 


HEGSTED, GEnsnOFF, TltULSON AND JOIi-Y 


(ailicd by lenglliening tlic collection above 12 hours is rela- 
tively small. Since the standard error of a mean is y Jr', where 
N is the number of samples, the number of samples of any 
particular size required to give the degree of accuracy de- 
sired may be estimated from figure 1." 

TextboolvS Avidely quote the original oliservations of ShafTer 
(’0S-’09) to the effect that the excretion of creatinine from 
hour to hour is as constant as it is from day to day. A calcu- 
lation using the values obtained by Shaffer upon subject 
j\I.S. where the urines were collected in periods of two to 
two and one-half hours show a coeflicient of variation of 
only 0.6%. Tlie data from subject P.A.S. arc similar with a 
coefficient of variation of about 6%. The original data of 
Folin (’05) taken from table XI, p. 116 of Ilunter (’28) show 
a coefficient of variation on the 24-hour samples of about 
4%, Thus, Shaffer’s conclusion appears entirely justified. 
On the other hand, various authors have failed to find such 
constant rates of excretion (Albanese and Wangerin, ’44; 
Clark et al., ’51; Addis et ah, ’51). The data from table 214, 
p. 70S and table 327, p. 1034 of Maej’^’s publication (’46) ob- 
tained with the children Jimmy and Frank give coefficients 
of Amriation of the 24-hour samples of 8.2 and 17 . 9 % respec- 
tively of the mean daily excretions. A part of the increased 
variability observed by us, by hfacy and others might be 
partially explained by meat consumption which may influence 
creatinine excretion somcAvhat (Karambelkar et al., ’52) or 
by less than complete urine collections. The latter presumably 
show up Avhen rather Ioav values are folloAved by high values 
or the reverse. As Shaffer (’08- ’09) says “It is by no means 
an easy matter Avithout some practice to empty the bladder 

’It would Uc expected tli.ut the st-andard deviation of the 4-, 8- and 24 -honr 
samples could be obtained by dividing the standard deviation of the two-hour 
samples by V2, V4, and V~l2, respectively, since 2, 4, and 12 two-hour collce 
tions are combined to obtain flicse samples. Such calculations esscntiall}” duplica e 
the values of figure 1. Since the number of subjects was onI>* 4 for the two-hour 
samples and 7 for tho 4*hour samples, and the total number of observations a 
each period was not large, the experimentally determined values were used o 
construct the figure. 
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or not is immaterial for the present purposes since the sam- 
ples ^vere oblained from unpraciiced persons and greater 
accuracv •would not be expected in the field. Thus, a measure 
of the creatinine excretion does not appear to provide a 



LENGTH OF COLLECTION PERIOD 

Fig. 3 Tlic effect of the length of the collection period on the constancy of 
riboflavin excretion expressed on an hourly basis. 

particularly accurate estimate of the time during which the 
urine was collected. "Whether it is a suitable parametei for 
estimating the nutritional status, however, depends upon 
whether or not other baselines provide more accurate es i 
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protein diet nsed in this trial may not have been snjanciently 
limiting in total nitrogen, particularly for the hea%der pigs, 
to produce results which would indicate increased nitrogen 
retention due to chlortetracycline, vitamin B 12 , or a combina- 
tion of the two. The level of feed intake used by these 
im^estigators is not known. The study reported here was 
intentionally conducted with a diet containing 14.1% of crude 
protein, a level of protein believed to be adequate but con- 
siderably below that recommended by the National Kesearch 
Council (’53). 

SUMM-\RT .A.XD COXCLITSIOXS 

Growing barrow pigs weighing from 19.50 to 77.44 kg (mean 
43.50 kg) and with metabolic size values of S.49 to 23.35 (mean 
15.64) did not show a significant increase in nitrogen reten- 
tion when a 14.1% crude protein diet was supplemented with 
either 22 mg of chlortetracycline, 11 pg of vitamin Bjo, or 
a combination of the two, per kilogram of diet. 

Highly significant correlations were found between body 
weight in kilograms raised to the power 0.734 and nitrogen 
retention within each of the three levels of feed intake used. 
Highly significant differences in nitrogen retention were de- 
monstrated to exist due to level of feed intake. 

Pigs consuming more total feed were able to utilize their 
nitrogen more efficiently for body gains as evidenced by the 
highly significant increases in nitrogen retention due to in- 
creased level of feed intake. 

Neither chlortetracycline nor vitamin Bi-, nor a combination 
of the two, exerted a sparing action per sc upon the protein 
requirement of growing swine fed the 14.1% protein diet used 
in this study. 
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It may be seen from these figures that single samples pro* 
vide a very poor estimate of tlie actual rate of excretion 
regardless of whether the results are expressed on a time, 
creatinine, or urine volume basis. When tlie riboflavin ex- 

800 
600 

400 
300 

LU 

3200 

< 

> 

< 

^ 100 
t;, 80 

o 

^ 60 

40 
30 

20 
15 

LENGTH OF COLLECTION PERIOD 

Fig. 4 Tiic effect of the length of the collection period on the constancy of 
riboflavin excretion per milliliter of urine. 

cretion is expressed per hour or per milligram of creatinine, 
the variation appears to he of the same order of magnitude. 
The difference between individuals appears to he much larger 
when the riboflavin is related to urine volume. Whereas some 
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DISCUSSION 

In view of llie great advantages of using randomly collected 
urine samples in field survoj's, the results we have obtained 
arc discouraging, but also thought provoking. From these 
data it appears that single urine samples provide a very 
poor estimate of the actual riboflavin excretion regardless 
of whether the excretion is related to time of collection, cre- 
atinine excretion or urine volume. Some satisfaction may be 
taken from the observation that riboflavin excretion iier unit 
of creatinine is as constant, or perhaps more constant, than 
riboflavin excretion per hour. Thus, it will ordinarily be 
more satisfactory to measure creatinine than attempt to de- 
termine the time during which the urine is collected. 

Since the accuracy of single samples improves as the col- 
lection periods become longer, emphasis should be placed 
upon getting a sample accumulated over the longest period 
possible. Also, it would appear that the influence of meals 
and variations in riboflavin intake can be at least partially 
eliminated by collecting evening samples. The ui'ine sample 
upon rising in the morning should be the most satisfactory 
since it will ordinarily represent a fairly long collection and 
be less variable than those collected during the daytime. 
Johnson et al. (’45) have previously concluded that the values 
from a urine sample before breakfast wore more reliable 
than those taken during the day. 

From the data presented by Brewer et al. (’46) and Hor- 
witt et al. ( ’50) it would appear that the urinary excretion 
of riboflavin changes rather markedly when the intake rises 
above about 1.1 mg per day in the adult subject. Below tins 
level of intake the excretion is approximately 9^ of the 
intake and rises to about 30% of the intake at higher levels 
of intake. Thus, in a dietary survey one is apparently inter- 
ested in attempting to determine the number of individuals 
whose excretion falls below 100 ug per day. The creatinine 
excretion of the average adult (male and female) is approxi- 
mately 1.2 gm per day. However, for practical purposes we 
may assume that the critical level is about 100 pg per gram 
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A higher incidence of coronary’ disease and hypertension 
was observed in the obese (Masters et ah, ’53). Although it 
is by no means certain that small differences in the blood 
cholesterol levels in man influence atherogenesis, hypercholes- 
terolemia appears to he associated with obesity (Gofman and 
Jones, ’52) and cardiovascular atherosclerosis (Gentler et al., 
’50; Steiner et al., ’52; Soffer and Murray, ’54). Because most 
of these observations have been based upon studies of men, 
an investigation of the serum cholesterol of women in rela- 
tion to the diet and physical measurements was considered 
worth while. 

The purpose of the present inquiry was to investigate the 
relationship of varying levels of dietary fat, protein and en- 
ergy* intakes to the serum cholesterol as well as to study its 
association with the diastolic blood pressure, age and body 
weight. Additional data of serum cholesterol in healthy wo- 
mcji are needed in order to establish values for various age 
groujis. 

* Ibibtjcntion of Kxporimrnt Station. Tlti* ftis'lj M:p)v»rtO'l in p.art n 

prnnt from tltr North Omtrnl Rodion Coojv*^rntivo NC-T*. 

iJUu N. Strivtb, SoattJo 5. Wn-bir.irtfm. 

* Tho ontljor'i v.'i^b to otpr**''* tbrir npprt'rintion to Winifre-l No-^rtr n for J ‘T 
tf’rlir.ifal 
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in our Uvo-liour snin])los we would expect at least 11% of 
the values from a single individual with a juean excretion of 
3S0|ig/gm to he less than 200|ig/gm. Since presumably the 
data from Newfoundland were skewed similarly to our data, 
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The effect of the nnmhcr of snu\i)h's upon ihr accuracy of the 
e.<itim(iird riboflavin CTcrction 
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' Sample calculation: 


^Ican excretion, 100/xg 
^rean 2 st. dcv.= 280 /ig 
dilT., 2 fit. dev. 

1 fit. dev. 

Standard error for mean of 10 samples, 


log 2.0000 
log 2.4472 
0.4472 
0.2230 


0.2230 

vio 


0.0700 


2.0000 + 2 (0.0700) = 2.1412; antilog = 138% 

2.0000 — 2 (0.0700) = 1.85S8; nntilog = 72% 

the value of 39% is iDrobably greater than would have been 
found had logaritlmis of the data been used. For comparative 
purposes we have estimated (table 3) the percentage of the 
samples collected which should be expected to fall below 100 
or 200 \ig/gm of creatinine at various mean riboflavin out- 
puts when different size samples are used. It should be noted 
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and free serum cliolesterol concentrations when compared with 
fresh serum samples. The average total and free cholesterol 
values plus and minus the standard deviations in milligi'ams 
percent were respectively: (a) 193 :±; 34.2 and 50.0 :±: 9.41 for 
fresh serum, (b) 190 d: 37.9 and 48.0 10.5 after 4 weeks of 
storage and (c) 192 33.5 and 45.2 10.1; 197 — 39.1 and 
47.2 ±: 9.11; and 196 it 31.8 and 45.0 rr 10.2 for samples stored 
22 weeks and thawed once, twice and thrice, respectively. 

Serum cholesterol for various age groups of icoinen. ^lean 
values for the total and free serum cholesterol and the ratio 
of the free to the total cholesterol for all subjects by decades 

TABLE 1 


Total and frtr strum cholesterol for ranoit.'? acfc groufts of icomcn 
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* Thr Aeviatioii of the «H'^tribution. 


is irivoti m table 1. The ratio of the free to the total serum 
cholesterol \vas constant for all age groups. A mean total 
serum cholesterol value of 249 64.3 mg was found for 

113 women from 26 to 92 years of age. Tln^ values range from 
141 to o02 mg 

With increas^ing age the total serum cholesterol is observed 
to gradually iticrease (fig. 1). A significant rise (p<n.01) 
irom 207 g: 33.1 to 293 iit 27.3i and 54.2 years 

of age resj)ectively is evident. The latter hiixh elmlestr'rol level 
is maintained until 65,S years of age. lioyond this ag<‘ a .^ig- 
nilieant deeline (]> < 0.01) to 239 — 41.1 mg at 77.ri y^^ar^i 
<\f age (^ecuvs. 
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needed, since average values and the percentage belov a 
given excretion rate do not adequately describe the situation. 
In future held studies it vould be of great advantage to ob- 
tain duidicate random samples from each individual. The 
proportions of the total variance dtie to dilTerences in indi- 
viduals (presumably dietary differences or differences in 
need) and to variation in samples from the same individual 
could then be determined. 

SUMMARY 

The variation in the excretion of riboflavin per hour, per 
gram of urinary creatinine, and per milliliter of urine has 
been studied in several subjects in ■which urine samples were 
collected every two or 4 hours. 

Regardless of the method of expressing the riboflavin ex- 
cretion, single urine samples provide a poor estimate of the 
average excretion rate. 

The variation in excretion per hour and per gram of cre- 
atinine is of the same order of magnitude while the excretion 
per milliliter of urine is more variable in most subjects. 

The improvement in the estimates of the average excretion 
obtained by increasing the collection period or by multiple 
sampling has been calculated. Since tbe accuracy of the esti- 
mate improves as the length of the collection period is in- 
creased, fleld studios should attempt to collect urine over the 
longest convenient period. The variation from sample to 
sample is somewhat less in samples collected during the night 
than during the daytime. Thus, the most valuable sample 
should be that obtained upon rising in the morning. 

The limitations of urinary excretion data in the assessment 
of the nutritional status with regard to riboflavin for indi- 
viduals or population groups have been discussed. 
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values has been recorded in the literature for American vro- 
•men. Swanson et al. (’55) studying a similar age group of 
women found a significantly lower average serum cholesterol 
concentration. They reported a mean value of 209 mg ^ of 
blood cholesterol for 184 women with an average age of 48 
years. For women 50 or more years of age our value of 
285 mg fo of total cholesterol is comparable to that of 270 
mg % repoi-ted by Gillum and co-workers ( ’55) for 246 women. 
A lower mean total serum cholesterol value of 237 mg % for 
women over 40 years of age (Kountz et al., ’45) as well as a 
higher mean value of 310 mg % for women beyond 61 years of 
age (Hobson et al., ’53) has been reported than is found in 
comparable age groups of women in the present study who 
had a moan of 322 and 283 mg % respectively. 

Correlations of the physical measurements with the serum 
cholesterol. Since hypei'cholesterolemia was found in the 
obese men (Gofman and Jones, ’52) and the hypertensive 
(Stewai't and Basu, ’51), the tenability of these findings as 
well as the relationsliip of serum cholcstoj-ol to age was iji- 
I'esfigated in women. 


TABLE C 
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counted for almost all of the variation in sermn cholesterol. 

Similar to our j&ndings a positive correlation between the 
relative body -weight and skinfold thickness with hypercholes- 
terolemia, independent of age, was found in a population 
group of Spanish women by Keys and co-workers ( ’54). Hob- 
son et al. (’53) also reported this relationship in American 
women using the skinfold thickness. Xeither of these gi-oups 
of workers, howevei-, was able to demonstrate this positive 
correlation in men. Yet, Y'alker (’53) observed in both sexes 
that overweight was positively associated with elevated serum 
cholesterol levels. Xegligible correlations between body weight 
and serum cholesterol values for supposedly normal women 
were reported by Gillum et al. ( '55) and Swanson et al. (’55). 

Sur\*eys of population groups heretofore have not demon- 
strated a relationship between the systolic or diastolic blood 
pressure (Hobson et al., ’53 ; Gillum et al., ’55 : Swanson et al., 
’55) with the serum cholesterol. 

Correlations of the diet ivith the serum choIesicroL Con- 
( rolled human experiments have established that a mai-ked 
increase or decrease in the level of dietary fat causes a cor- 
responding rise or fall of the serum cholesterol (Hildreth et 
al., ’51; Mayer et al., ’54: Anderson and Keys, ’53). Xegative 
caloric balances without fat restriction inducing weight loss 
(Pomeranze et al., ’54; IValker et al., ’53) revealed a signifi- 
cant decrease of serum cholesterol only in those oveinveight 
persons vith previously high cholesterol values. However, 
rapid weight gain induced by a high caloric, fat-free diet 
resulted in a max'ked rist* of initially low serum cholesterol 
values (Walker et al.. '53). Because changes in tlie serum 
cholesterol levels appeared to be related to the fat intake ns 
well as to the total calories, the jxresent study investigated 
by multi-variable analysis the velationshi)» of the total serum 
cholesterol with the total euerg}', dietary fat and ])rotein in- 
tak<’. The latter factor was included since jirotein is known 
to contain the lijiotropie sub^tanc^‘ niethinnin>-. 

The percentage of fat and ]»rotein calories and total energv 
for all subjects by dOnigTr intej-vals of serum cholesterol 
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ing pigs a 22% corn-solvent soybean oil meal diet containing 
a 0.31% of melliionine and reported Ihat su 2 )plemental methio- 
nine did not improve the diet. They suggested that the method 
of jjrocessing soybean oil meal might have contributed to 
apparent discrepancies in i-eported responses of pigs to 
methionine supplementation of corn-soybean oil meal diets. 

The calculated amino acid composition of 32 to 14% crude 
protein corn-soybean oil meal diets, based on published values 
of Baumgarlon ct al. (’46) and Williams (’55) indicates that 
such diets may be deficient in tryptophan, methionine and ly- 
sine if the presently reported requirements of the pig are 
accepted. Ilovever, Becker et al, ( ’54) recently reported that 
diets containing as low as 0.13, 0.23 and 0.63%, respectively, 
of tryptophan, methioniiio nml lysine woj-e adequate to sup- 
port satisfactory rate of gain of 40- to 100-pound pigs. 

This investigation was conducted to determine the influence 
upon nitrogen metabolism of growing pigs of supplementing 
typical corn-soybean oil meal diets containing approximately 
12, 14, and 36% of crude protein, and adequate in non-protein 
dietary factors, with UL-methionine. The niti-ogcn balance 
method was employed as it was considered to provide an ex- 
cellent method by which to measure utilization of dietary 
protein as affected by methionine suiqfiomentation and protein 
level. 

EXPERIJ[BXT.<VL PEOCEDUBES 

Growing barrow pigs of Harapshii’e or Hampshire X York- 
shire breeding and wbich had been weaned at approximately 
8 weeks of age were used in this investigation. The live weight 
range of the pigs for the duration of the experiment Avas from 
23.4 to 66.5 kg, weights which corresponded to metabolic size 
values of 10.11 to 21.78. Prior to each preliminary feeding 
period pigs Avere randomly assigned to each of the 24 diets 
used. The test diet Avas then fed throughout the entire pi*e- 
liminary period and the collection j^eriod. All pig Aveights 
Avmre reduced to a standard basis of W in an attempt to 
eliminate insofar as possible the influence of difference in 
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SUMMARY 

Storage of frozen serum samples for periods of 4 and 22 
weeks and tliawing of tkese samples as often as three times 
did not alter the concentrations of the free and total serum 
cholesterol ndien compared with the values in fresh samples. 

A mean total serum cholesterol concentration of 249 mg 
was ohseiwed for 113 women from 26 to 92 years of age. The 
average cholesterol content of the serum increased gradually 
from- 207 mg % to a maximum of 293 mg % at a mean age of 
27.3 and 54.2 years, respectively. This maximum value was 
maintained during the 6th and 7th decades of life. Thereafter, 
the concentration of cholesterol declined to 239 mg % at 77.6 
years of age. The ratio of the free to total cholesterol was 
constant for all age groups. 

Significant positive correlations for age and relative hody 
weight hut a negligible correlation for the diastolic blood 
])ressure with the total sermn cholesterol was fomid. The per- 
centage of dietary fat and protein calories as well as the 
total energ}' intake did not show a significant relationship with 
the variation in total blood cholesterol. 
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TABLK 1 

Composition of Z/a^aZ diets 


IN’Cr.KDinNTK 





Co 

Cc 


Ground yellow corn 

SG.25 

Sl.OO 

75.G5 

Solvent soybean oil ine.a! 

io.ro 

IG.OO 

21.35 

Dicalcium phos])hate 

1.50 

1.50 

1.50 

Ground limestone 

1.00 

1.00 

1.00 

Iodized salt 

0.50 

0.50 

0.50 

Vitamiii'antibiotic-tnice 

element mixture * 


-h 

+ 

Percentage of criub* protein 

11.8 

13.8 

15.8 

Percentages of amino acids * 

Trj'ptophan 

0.10 

0.I2G 

0.153 

^Ictliionino 

0.22 

0.25 

0.27 

Cystine * 

0.17 

0.22 

0.26 

Lysine ^ 

0.58 

O.GO 

0.80 

Isolcucine 

0.53 

0.04 

0.74 

Histidine 

0.30 

0.35 

0.40 

Leucine 

1.18 

1.32 

1.4G 

Phenylalanine 

0.5S 

0.G8 

0.V9 

Threonine 

0.15 

0.54 

0.C3 

Valine 

O.GO 

0.70 

0.81 


* Provided 2.2 inp of riboflavin, S.8 mg of calcium pantothenate, 22 mg of niacin, 
220 mg of choJinc chJoridc, JJ /ig of vitamin P,., ‘i-lOO LIT. of vitamin A, 220 LU. 
of vitamin Dj, 22 mg of x)rocaine penicillin, 33 ing of iron, 17.G mg of manganese, 
3.3 mg of zinc, 3.3 mg of copper and 1,1 mg of cobalt per kilogram of diet. 

’ Amino acid assays of basic feed ingredients generously supplied by Dr. Ruth 
Lever ton and associates. Human Nutrition Laboratory, University of Nebraska. 
’ Calculated cystine content. (National Research Council, '53. ) 

*The calculated total lysine, including added L-lysinc. 


nitrogen retention per unit of metabolic size. Data were 
treated statistically using covariance analysis as set forth by 
Snedecor (’46). 

BESULTS AND DISCUSSION 

Average nitrogen metabolism data for the ll.S, 13.8 and 
15.8% crude protein diets are shomi in table 2. As is evi- 
dent from these data, it was only with the addition of 0 . 1 % 
of Dii-metliionine to the 11.8% protein diet in the presence of 
0.04% of supplemental DU-tryptophan that there was a marked 



THE EFFECT OF EADIATIOX STERILIZATIOX OX 
THE XUTRITnOB VALUE OF FOODS 

I. BIOLOGICAL VALCE OF MILK AXD BEEF PBOTEIKS ^ 

V. CHALAil METTA A^D B. COXXOK JOIIXSOX 
2>iri-sion of T/HTf of I rhann 


(KccciveA for publication Dcconiber 1955) 


During the past few years considerable interest has been 
shown regarding the use of ionizing radiations for processing 
and preservation of foods. Radiant energy at high dosages 
will not only destroy all microorganisms by inducing changes 
in their chemical structure but will also bring about chemical 
changes in the food. These changes may airect the accepta- 
bility as well as the nutritive value of the food. Before a new 
food processing method can bo accepted evidence is necessary 
demonstrating that little or no deleterious change takes place 
in the nuli'itive value of the food constituents. Proctor and 
Bhatia ('50) have reported that the 10 essential amino acids 
of haddock tillets are not significantly destroyed upon irradi- 
ation sterilization. However, the .';ame investigators (MM) 
have reported that when atjueous solutions of amino acids 
were exposed to high-voltage cathode rays deamination re- 
sulted and the benzene rings in tryptophan, phenylalanine and 
tyrosine were broken. Ve have undertaken experiments to 
investigate the etTect of irradiation sterilization of foods on 
the nutritive value of their ])roteins and the availability of 
their ('iiergA- for the rat. In general the <iata indicate that 

^ \\*ti ‘■uppor!*'*! in p:.r? tni<b r rot.tr.'Tt Uf'. I'A “ tt. 

"{th tlif c\f tlu’ ijrrr.l. I*' lN' Arr'v, t-pii-irr* 

t V|>r» •"(‘tl j!j ptibbrrvt :<*ii nr*' r>f t! mu! ;.r. 1 

of t! I'vp.Mrttr.. r.t of Arriiv, 
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influence upon nilrogen retention. Covariance analysis of the 
(lata within protein level inilicatocl that there was a highly 
significant (P < 0.01) depression in nitrogen retention of pigs 
oil this particular treatment. 

Alniquist (’52) reported that the relative proportion of 
amino acids was a more important attribute than the level 
of protein in the diet of chicks. If this hypothesis is applicable 
to swine diets, an imbalance of amino acids may have been 
created when the ll.S% protein diet was supplemented to 
provide final levels of at least 0.32 and 0.32% of tryptophan 
and metliioninc, respectively. Lysine may have become limit- 
ing in this instance as it was present at only 0.58% of the 
diet. Isoleucine, iiresent at 0.53% of the diet, may have been 
limiting if the 0.70% of the diet requirement reported by 
Brinegar et al. ( ’50b) is acceiited as the absolute requirement. 
However, this explanation is not tenable if the isoleucine 
requirement is considered to be a function of dietary protein 
at levels below the optimum. Isoleucine was present at 4.5% 
of the dietary protein as contrasted to the suggested require- 
ment of 3.2% of the dietary protein by the above workers. 

There was considerable variability in the gimms of nitrogen 
retained per unit of metabolic size by the pigs fed the 15.8% 
protein diet with the various amino acid supplementations, 
and loss variation with the pigs fed the 13.8% protein diet. 
The differences in grams of nitrogen retained by the pigs on 
either level of protein and because of amino acid supplementa- 
tion were not statistical!}’- significant. As might have been ex- 
pected, highly significant (P < 0.01) differences resulted in 
grams of nitrogen retained duo to diet, 24 experimental diets 
being considered. Likevdse, highly significant differences in 
nitrogen retention resulted from the level of dietary protein. 
The mean nitrogen balance values obtained for pigs fed the 
11.8 and 13.8% iirotein diets were significantly improved 
through application of within jirotein level error regression 
coefficients. The adjusted mean nitrogen balance values are 
shoAiTi in table 2. 
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losses and for growth) was followed. In all, tlirei' experiments 
Avere carried out. The first two experimeirts undertaken on 
different lots of milk on separate occasions compared the ef- 
fects of heat and irradiation, respectively, on the nutritive 
value of the proteins of non-sterilized evaporated milk. The 
third experiment compared the nutritive A'alue of the proteins 
of raAV and irradiated beef. In each experiment 7 growing rats 
of the Sprague-Dawley sti'ain were used per treatment. There 
were three experimental feeding peidods in the first test, hut 
only two such periods in the second and the third tests. The 
experimental diets were fed in periods 1 and 3, while in period 
2 all rats received the standardizing diet containing 4''<- of 

TABLE 1 

Plan of frrding in cjpcriTnrni 1 

rrRioi» onorp i r.norr n »;nnrr iri 

1 Kon-proce?so<l milk Heat -processed milk Radiation sterilized milk 

“Z ^vllole cpTg diet whole o<:g diet whole oiic: diet 

.'1 Kridiation-sterilized Xon procc?.<ed milk Hoat proces-esd milk 

milk 


whole egg protein. During this second period the ratio of 
metaliolic focal nitrogen to food consumed, and the ratio of 
endogenous urinary nitrogen to the lhree*fourths power of 
the body weight were (h^termined. Tlie plan of fernling in 
the first experiment is given in table 1. 

Each experimental feeding jieriod lasted IG days of which 
the first days were allowed for ]>hysiologieal adjustment to 
the test diets ami during the Ddlowing 7 days urine and fec»^'^‘ 
were collected. Ferric oxi<h* was used as fect»s marker. 

“Eva])orated milk" and lH\at*sterili7ed evaporated milk 
samples were obtained from a commercial source/ lb*»‘f 
round steak was jmrehased from the Fniv4*rsity Meats Di- 
vision. Aft<u* trimming tie* visible fat. the b»M‘f \va< irrouiel. 

S»‘»‘ n, 4'^t*. 

S«-<' fm'tfjt't*' 4, p' 4'' ‘ 

t Mi’.k (NiTi'.p'i! ' . i » r»'‘ !’h\ 
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the response of grooving pigs lo nielliionine siii)plomentntion 
in tlio presence of supijlenicntal tryptoplian. Tliis lower pro- 
tein diet also conlained loss than 0.7% of isolciicine which 
could have limited nitrogen retention if the requirement for 
isolcucine is not a function of protein content of the diet. 

Although nitrogen retention values for pigs fed a 15.8% 
crude protein diet supplemented with several levels of nir- 
methioninc and nij-tryptoplian were greater, on the average, 
than those values obtained for pigs fed a 13.8% crude protein 
diet supplemented in an identical manner, there was some 
overlapping of moan nitrogen retention values for the various 
trcatmenls on the two levels of dietary protein. The addi- 
tion of 0, 0.025, 0.05 or 0.1% of su])plomcntal DL-raethionine 
lo a 13.8% protein diet with or without 0.01% of supplemental 
nn-trj’ptophan did not result in significant ditferences in nitro- 
gen balances of growing swine. 

The levels of 0.126, 0.25 to 0.27 and 0.69% trj’ptophan, 
methionine and lysine, contained in the 13.8% protein diet, 
when 0 or 0.025% of supplemental nirmethionine was added, 
appeared to be adequate to promote satisfactory nitrogen re- 
tention by growing pigs fed the diet at approximately 4.00% 
of their body weights. 

The 15.8% protein diet used in these investigations ap- 
peared to supply dietary nitrogen in excess of the needs of 
growing pigs, particularly heavier weight pigs, as evidenced 
by a marked tendency toward increased loss of nitrogen by 
urinary excretion. 
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room ( 0 » F .) erS 

TAB1.E 3 

Composition of rations 



* * Evaporated aiUk’ ’ 
llcnt'StcriUxcd evapo- 
rated nnlk 

Irradiation sterilized 
evaporated niilk 
Ka%v beef 


3b.S ' 


3G.S’ 


beef 

Conistarrb 

39.7 

39.7 

39.7 

Corelosc 

Sucrose 

Modified cornstarch* 

10.0 

10.0 

10.0 

Lard 


5.0 

5.0 

Vitaminized cerelosc * 

*).' * 

1.5 

0.5 

4.0 

1.5 

1.5 

Cod liver oil 

0.5 

0.5 

Wieat Rerm oil* 

4.0 

4.0 

Salts 440 * 


0.5 

0.5 

Sodium chloride 

Wood Flock* 

2.0 

2.0 

2.0 

Total 

100,0 

100.0 

lOM.O 


I3.G’ 


30.0 
10*0 

10.0 

17.S 

5*1 

5*0 

1.5 

0.5 

4.0 

0.5 

C.o 


30 O .0 


13.G' 

30.0 

10.0 

10.0 

15.0 

4.0 

5.0 
1.5 
0.5 

4.0 
0.5 

2.0 

100.0 


' On ^noi^tnr^‘■f roe ba**!**. 

•.\inide!C. iv n- foUov.'^: onleiant pantotbdi.ntc 

>Tbo eoiupeMti»M\ of ,^*>,1 tbiaau!.^ bydrf*e!dorido Gm;: eacb* 

40 tiij: ; pvridoxine bvdTorlilornb . r* ^ ^ n.;:; fb''«Vir.e rUfrldc 

,,.otinie;eU2o.u;r~^^^ 

2 irsa : runadione L vm : . 1 

* Vi<d*in. 

‘Sptrtnr (MV«. V^.rr.Md. M*- 

M>i*uibat.^l bv lUountoa.p ?■. . 
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of the biological value tests were treated statistically accord- 
iner to the analysis of variance and the results are summarized 
in table 5. 

Apparently the process of evaporation^ of the raw milk 
has not altered the biological value of the milk proteins since 
the biological value of 89.5 for the proteins of the evaporated 
milk which we obtained compares very well with the value of 
89.8 reported by Fairbanks and Mitchell (’35) for raw liquid 
skim milk. Pasteurization of milk is generally done by holding 

TABLE 5 

Avrrope corjjicinils of apparrnt and true and biolonicai value of 

protein for the vnrioiif: mill: sample.^ 

nr.AT KAPIATK»S‘ 

rxpmjMKS'T ,, . MQi-in sTKnii.ur.iJ stavdapaj 

N'O. r.VirORATKD KV^rOR.VTPD >: V.XPOPATED ERROR 

MIRK MIRK 


Apparent dieje<t ibilitlij 


1 

niul 2 


srj.4 

85. 2 

S5.3 

0.39 





True dipf'stihihtu^ ^ 



1 

aipl 2 


07.9 

00.7 

P0.9 

0,40 





ralue, Cr 



K 

PpHo^I 

r 

92.0 

SS.2 

So..*) 

O.SO 

n 

PtTioi] 

in 

SO.l 

S0.5 

77.4 

0.S9 

o 



S7.2 

5^4.1 

S2.5 

0.97 

1 

aiul 2 


( S9.r» 


Sl.s 

0..13 


inUk at for 30 mi mite?. Iloiiry an<\ Kon ( ’30), Kraitss 

(’37), Bixby ol al. {M4) and many otlmr? havo roportod data 
^vhicil indicato that pastourizalion has litth* or no otToct on 
the nutritive value of milk ])rntoins. The “evaporate<l milk/’ 
therefore, is as nutritions as raw milk or ))astenn 7 .ed milk as 
far as the milk proteins are concerned. 

Tlu' (lincsfihiUi If of viiU: pro/r;ns. Detailed statistical anal- 
ysis of (experiment 1 found no ap]>reeiahle dilTerence hetw<*en 
]n*nods or hetwecai trios or betw(‘en rats within trio*^; 
(Uff<‘renees were therefore ]>ooled with error. ( ’om}>:iri^on of 
(U'ror mean squares for tlte two eX]MM'imtUit< foimd th»*m to 

' S.'.' r>. 
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tainhig 14 or 1G% of crude pi’otoin -wore not improved for 
pigs by lysine supidcinenlation. If the values for the lysbie 
content of corn and soybean oil meal reported by Williams 
(’55) and the National Hesearch Council (’53) are used for 
purposes of calculation, the diets used by Catron and co- 
workers would have contained an estimated O.GG and 0.81% 
of lysine. Pfander and Tribble (’55) were unable to demon- 
strate a significant increase in growth rate of growing swine 
fed 14, IG and IS% protein corn-soybean oil meal diets due 
to the addition of 0.1% of Lr-lysine. They reported that lysine 
equivalent to of the dietary protein appeared to be ade- 
quate for growing swine. 

Miner et al. (’55) reported a depression in rate of gain of 
growing pigs fed a corn-cottonseed meal diet when amounts 
of DL-lysine in excess of 0.1% of the diet were added. Similar 
results were observed at this station (I^Ieade, ’54) when grow- 
ing pigs were fed a 14% protein corn-soybean oil meal diet 
supplemented with 0.15% of ij-lysine. The lack of consistency 
in suggested requirements may indicate that the initially re- 
ported requirements were too high. The reported depression 
in performance due to higher levels of lysine may indicate 
that balance of amino acids is important. Almquist ( ’52) has 
reported that the relative proportion of amino acids is a more 
important attribute than level of protein in the diet of chicks. 

These studies were conducted to determine the influence of 
lysine supplementation of typical swine diets fed at three 
levels of protein upon nitrogen utilization by growing swine. 
The nitrogen balance method has not been widely used in 
studying amino acid nutrition of growing swine, and it was 
felt that differences in nitrogen retention of growing swine 
wliich might result from lysine supplementation of the diets 
wmuld help to clarify the lysine requirement. If the addition 
of an excess of lysine interfered with nitrogen metuholism by 
disrupting the relative proportion of amino acids in the vari- 
ous diets it should have been reflected in the nitrogen retention 
values. 
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tein this means most probably that some essential amino acid 
has been partially destroyed or bound so as not to be available 
in the animal and that this amino acid is or has become the 
limiting amino acid of this treated protein. It may be that 
due to binding of some sort (e.g. cross link formation) some 
amino acids are not being released at an optimum rate, caus- 
ing the amino acid pool to be less efficiently utilized, or ai’e 
being released in the lower part of the intestine whore they 
undergo alteration due to the flora and, thougli absorbed, are 
not available for growth (Carroll et ah, Ml). Ilodson (’54) 
reported that heat sterilization slightly but significantly low- 
ers the growtli-promotivo value of evaporated milk and tliat 
supplementation with methionine, cystine, and cysteine almost 
restores the loss of value. Fairltanks and Ilitchell ( *35) con- 
cluded that the proteins of milk are veiw sensitive to lieat 
treatment. They found that the biological value.s were lowered 
l)y 89c, although the digestibility was not affected when mod- 
erate heat processing was used for drying the milk. Supple- 
mentation of such dried milk with cystine restored its nutritive 
value. However, when the temperature of drying in the roller 
process was increased until i)erceptible scorching occurred, 
they observed a further decrease of 12/7 in the biological 
value. They state: “the scorched products thus obtained are 
no longer benefited by cystine additions, but llnw do respond 
to lysine additions in increased nutritive value of their j)ro- 
teins.” Hence the rapid change in milk i)roteius at the scorch- 
ing ])oint (or eaidier) is primarily a result of the destruction 
of lysine. Proctor and Bhatia (*53) measured the ammonia 
yields from 0.1 M solutions of some amino acids upon irradia- 
tion with a cathode-ray <h)se of 250.000 rep and found tliat the 
order of deamination of the amino acids studied was: histidine 
> cystine > phenylalanint' > tyrosine > tryptojihan. These 
investigators (*52) had also observed evolution of hydi'figen 
sulfiih' upon irradiation of aqueous sf)Iutions of eystine thereby 
indic;Uing that the molecule of cystine was decoinpos..d at the 
disullidi' linkage. 
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1 .,-Lysino iiionoliydrocliloi'icle "was added (o llic diets to pro- 
vide final lysine levels equivalent to apjiroxiinately 5 and 6% 
of the dietary protein. Ijcvels of lysine equivalent, to exactly 
4% of the diet could not bo achieved in the cases of the 14.2 
and 16.0% crude protein diets as lysine in o.xcess of 4% of 
the protein was contributed by the natural feed ingredients. 
The lower levels of lysine represent 3.9G, 4.37 and 4.64% of 
the protein in the 32.1, 14.2 and 16.0% protein diets, respec- 
tivolv. Each level of Ivsine feeding Avas carried out with diets 
containing zero and 0.04% of additional nn-tryptophan be- 
cause the 0.11% tryptophan content of the 12.1% crude pro- 
tein diet Avas considered to be slightly inadequate, at least for 
light-AA’oight pigs. DL-Methionlne Avas added to all diets to 
supply tinal loA'els of methionine equiA-alent to 3.;'5% of the 
dietary protein. 

The experimental animals used in this investigation Ai'cre 
Hampshire X Duroc and purebred Duroc barroAA's Aidiich 
Aveighed approximately 20 kg at the start of the experiment. 
Some of the heaAuer pigs attained Aveights as great as 58 kg 
prior to the termination of the experiment. BarroAA's Avere 
randomly assigned to the experimental diets from Avhich the 
collections Ai’cre to be made prior to the start of the 8 to 10 
day preliminary feeding j^eriod and no consideration aa'us 
gh’-en to the pig’s preAuous treatment 

All animals Avere fed tAvice daily at a constant level of feed 
intake closely aiiproximating 4% of body Aveight throughout 
the final 4 days of the preliminary feeding period and the en- 
tire collection period. Nitrogen balance trials Avere conducted 
using 6-day collection periods. Three sejiarate total fecal and 
urine samples Avere collected for pigs fed each experimental 
diet. Cylindrical metabolism cages patterned after those de- 
signed by Boll (’48) Avere used for making collections of 
excreta. 

All data haA^e been summarized to present animal AA'eights 
as mean Aveight, "W, expressed in kilograms for the time that 
the individual pigs Avere on urine and fecal collections. The 
mean AA^eights of the animals have been raised to the poAA'er 
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These investigators found no significant difference in the di- 
gestibility or biological values, the percent true digestibility 
of the raw beef nitrogen being 99.6 and that of the roast beef, 
99.3, and tlie percent biological values of the raw and roast 
beef proteins being 73.8 and 74.8, respectively. 


SU.MMART AXD COXCIA'.SIOXS 

The effect of irradiation sterilization and of heat steriliza- 
tion on the nutritive value of milk proteins and beef proteins 
has been studied by the Thomas-ilitchell method. A 3 million 
rep gamma irradiation was used to sterilize the frozen milk 
and beef. The gi’ound beef was vacuum packed during irradia- 
tion treatment and milk was conventionally canned. Upon ir- 
radiation milk de%’eloped a reddish tinge, and the proteins 
had coagulated ; the beef looked somewhat darkened. Irradia- 
tion did not produce pronounced off-flavors and odors in beef 
or milk. The irradiated beef when incorporated into a balanced 
diet was found completely acceptable to the rat while the diet 
containing irradiated milk was consumed reluctantly. 

Irradiation sterilization did not affect the ap})arent or true 
digestibility of the beef (lOO/c) or of the milk protein (9871 ). 
The biological value of the beef protein (78/7) also was not 
affected upon irradiation but the biological value of the milk 
proteins (9077) was reduced by 8^7 upon irradiation as com- 
pared to a reduction of C/c due to heat sterilization. The pos- 
sibility of irradiation damage to the sulfur amino acids is 
discussed. 
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THE IKFLUEXCE OF CREATIXE BIOSYXTHESlS 
OX THE AEGIXIXE EEQUIREilEXT 
OF THE CHICK ^ 


HAXS FISHER, E. C. SALAXDER AXE M. W. TATLOR 
Diltariments of PovUry IJushandru 07 \(I Aoricultural Biochcmistri/, Putoers 
Vnivcrsitiff ihc Statr Cnivrr^itu of Scic Jrrscy^ Xeic Brurxfiicich 


Arginine has been established as an essential amino acid 
for the chick (Klose et ah. ’38). Working ^Yith 4Aveek-okl 
chicks, xVlmqiiist and Merritt ( ’bO) found the arginine require- 
ment for optimum growth to be 1,2G of a semi-purified diet 
containing 20% protein. On the other liand. seY’cral recent 
investigations (Young et al.. '33 : Wietiake et ah, '.H; Snyder 
et ah, ’.H) employing imrified diets liave demonstrated that 
this level of arginine is insufficient for the day-old chick. In 
an attempt to explain this discrepancy on the basis of dietary 
differences among workers. Griminger et al. (’55) examined 
the possibility of an arginine loss or non-availability in coni- 
])letely ])urified diets as a factor causing an apparent increase 
in the arginine requirement. This postulation, however, was 
not substantiated, for tlu* arginine requirement was again 
shown to be significantly greater tlian 1.2% und<‘r conditions 
which prevented any jK)ssible loss of arginine from the diet. 

It has been shown in this laboratory that muscle ereatiii'*. 
for which arginine serves as a precursor, iticreases linearly 
tor the first 4 weeks of the chick's life (Fisher et al.. MO). 
Mietlake et al. ( ’.H) have also found that in <lay-old-ehieks 
dietary creatine will <‘xert a sjiaring effeet fin arginine. In 

* ihr Journrtt r;r.' r.t 

\ i.ivt T'-ity, St.'it*' VruviT'-tt'* ‘ ?!•'•:? * < f p-. pru 

11 AcrjrttltFrnl n . X* '" 1>‘-! >’i 
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as 0.137, 0.62 and 0.63% of Iryptopliau, lysino and i.soloucino, 
respectively. The 0.48% of melliionine contained in tlie 14.2% 
protein diet is considered to be in excess of tlie pigs’ needs 
since a calculated excess of methionine was intentionally added 
to the diet. 

Nitrogen retention values of pigs obtained when the two 
higher protein diets were fed do not indicate that increasing 
levels of lysine had a depressing otTect upon nitrogen reten- 
tion. The relative proportion of lysine to other essential 
amino acids did not remain constant at the two higher levels 
of iirotein. Those results indicate that amino acid require- 
ments ma}' be a function of protein content of the diet and 
that relative proportion of amino acids may be important until 
an adequate amount of dietary protein is included in the diet. 

SUMMAKV AND CONCLUSIONS 

A 12.1% crude protein diet was inadequate to support satis- 
factory nitrogen retention by groAving pigs, duo in part to 
inadequate total nitrogen intake. This diet should haA'e been 
adequate in tryptophan, methionine and lysine, after supple- 
mentation. This diet contained less isoloucine than has been 
reported to be required by groAving jiigs. 

Nitrogen retention Amlues ranging from 0.96 to 1.23 gm of 
niti’ogen retained per unit of metabolic size resulted A\’hen a 
14.2% protein corn-soybean oil meal diet containing 0.137 to 
0.157, 0.62 to 0.84 and 0.63% of tryptophan, lysine and iso- 
lencine, rcspocth'ely, Avas fed to groAving pigs. 

The use of higher IcA^els of Ij^sine in conjunction Avitli a 
12.1% crude protein diet ajApeared to contribute toAvard a de- 
crease in nitrogen retention of groAA’ing pigs, perhaps because 
lysine AAms not in the correct proportion to other essential 
amino acids in the diet. Supplementation of higher protein 
diets Avitli additional lysine AA’hen these diets apparently con- 
tained adequate amounts of all other essential amino acids 
did not significantly influence nitrogen balance of groAA'ing 
pigs. 
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necessary to ascertain ^vhat level of dietary creatine would 
yield optimum growth, and muscle creatine in the absence of 
supplemental arginine (the basal diet contained approxi- 
mately 0.8% of arginine). As shown in table 3, the levels 
of creatine ranging from 0 to 4% were fed, and weight gains, 
feed utilization and muscle creatine levels recorded at the end 
of three weeks. It can be seen that 1% of creatine was opti- 
mum in supporting growth and feed utilization on this diet. 
This, however, was not as good as could be obtained in the 
presence of adequate arginine. That 0.8% of arginine (present 


TABLE 3 

of dielari/ creatine on (jroxcth and mxi.^cle creatine in the chicJ: 


DIKTAHY 

LKvr.o or 

CRKATIKE 

ItYOnATE 



AVER.^cn or ourucATi: ororrs at 3 v,-ei:k.s * 


Gain 


Gain/frctl 

cTCAtinn 

rc 

pm 

5. DA 

c r.‘ 


mp/pm 

0 (basal) - 

118 

21 

(56) 

0.44S 

2.63 2: 0.05 

0.5 

172 

17 

(32) 

0.532 

3.42 :i: 0.05 

1.0 

196 

13 

(21) 

0.009 

3.59 - 0.14 

o 

ci 

20S 

^ 12 

(18) 

n.5S6 

3.75 ± 0.11 

4.0 

1S3 

± 14 

(24) 

0.517 

4.11 rr 0.09 


‘ Five birds per group. 

= Containing xjrginine. 

' Mandnrd deviation of the moan. 
‘Coefficient of variation. 


in the basal) was still limiting, even with 4% of sujqdeniental 
creatine, was demonstrated by the u])tnrned and frizzlerl 
feathers of all groiips of birds which in our exjierience is 
characteristic of an arginine deficiency. The arginine de- 
ficicncy is further reflected in the high coeflieients of variation 
(table 3), an observation jirevion.dy made in this and other 
lahoratoi'ies ('Wietlake et ah. Fisher et ah. MG). Mii.^ele 
creatine increased with every increment in dietary creatine. 
In view of the latter findinir lh»' results of exptn'iment 2 can 
he interjiroted to mean that some arginine is heinir diverted 
tor creatine biosynthesis even when the nmscle rreatim- ei>n- 
teiu is aln>ady high or “normal.” This would then exjilnin 
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basal “milk-type” diet similar to that used in the studies of 
the leucine requirement of the suckling- pig (Eggert et ah, ’54), 
which is callable of supporting nonnal growth of young pigs, 
would be low enough in histidine content to be useful for a 
quantitative study of the histidine requirement. Supplemen- 
tary amounts of the 10 amino acids known to be required for 
the growth of the weanling rat were added to one diet, while 
the same amino acids minus histidine were supplied to the 
other diet. One per cent of monosodium glutamate was sup- 
plied in each diet and suflicient diainmonimn citrate was added 
to equalize the nitrogen content of each diet at a level equiv- 
alent to 20% of the air-diydietas crude protein (N X 6.25) in- 
stead of the 25% level used in the leucine experiments. 

Bight litter-mate Yorkshire pigs were removed from the 
sow at two days of age. They wore fed a stock diet containing 
25% of protein (casein) for 5 days, at which time they were 
divided into two groups on the basis of weight and sex, and 
shifted gradually over the course of 4 feedings to the two ex- 
perimental diets. All pigs were individually fed essentially 
ad libitum, and weight gains measured at weekly intervals for 
a 21-day period were used as the criteria of judging the ade- 
quacy of the experimental diet. 

Experiment 2. In order to reduce the attending difficulties 
encountered with a liquid diet, dry diets Avere used in experi- 
ments 2 and 3. 

Eight Berkshire X Yorkshire pigs Avere removed from the 
soAv at 10 days of age and placed in a heated battery unit. For 
the initial 7-day period they Avere fed a loAA'-fat, dry feed mix- 
ture described by Crampton and Ness ( ’54) AAuth some modi- 
fications. Then they Averc divided on the basis of AAmight into 
tAA'o replicates of 4 each, and randomized to treatments and 
pens. The treatments Avere 4 leAmls of histidine; 0.1, 0.2, 0.3, 
and 0.4% of the total diet. The liasal experimental ration AA^as 
compounded to proAude 20% iirotein equivalent, 10% fat and 
2% fiber. It consisted of 33.33% dried AAdiey, 4.45% amino acid 
mixture, 12.32% diammonium citrate, 13.00% glucose, 25.23% 
dextrinized starch, 9.67% corn oil and 2.00% fiber source. 
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DISCUSSIOX 

An unusual feature of tlie data on arginine requirement 
is the growth plateau which occurs before the arginine level 
for maximum growth and feed efficiency has been reached. 
This plateau, which is noi considered an artifact in view of 
its recurrence in each replicate and experiment, makes the 
statistical evaluation of a maximum response a difficult one. 
Regression analysis is complicated by the plateau and “t” 
test or least significant difference analyses are not neces- 
sarily apropos with dose-response data as pointed out re- 
cently by Almquist (’54).® Confirmation of the validity for 
this unusual growth plateau can be found in the arginine 
studies of Snyder (’54). He obtained the same plateau start- 
ing at the 1.3% ai-ginine level, followed by a further increase 
in growth at higher arginine levels. He states the require- 
ment to be 1.7%. This unique curve for arginine may be 
analogous to the lysine response curve of -S', fecal h first ob- 
tained by Stokes ct al. (’45). 

The present data would indicate that the arginine require- 
ment for the first three weeks of life on casein diets is greater 
than 1.3% and that for moximuni growth and efficiency, dietaiw 
creatine will spare but a small amount of arginine. 

The finding that some arginine is always being diverted 
for Croat iuo synthesis parallels the observation by Fisher et 

thr UFunl f^tatisticnl it niny be foun<l tbnt nt tbf" lov.'or of F 

the rcjipottM*, A to n pivcn A This sicinficnncc 

exprrv«pi) jiome ratio between the A ^ the probable error, or 5tan<lar4l 
error of A etc. As F inrrea?c<, however, A ^ tnay become sten^lily STnaller 
in reference to a piven A nrcnnlinf: to the tlimini'^hinj: rt tnrn« principle. Tt 
shonhl be pointe^l out that thi« torulenry alone may be ^nfheient to can*-"' an 
application of the statistical tests for sicnificance of ilifTermce to in'licnte that 
at hij:;her levels of F obsor\'<Nh A ^ lonj^er ‘^sicnificant.’* A'< a re'^nlt. 

the invo^'tipators may conclu<le that there i*! no <lifr«T(’r.ce in H betwr-^-n two lev*-!-? 
of } brill teste<l near the top of the r«‘^pon*‘e rur\*e. Tht‘renpon, it tr.ay be *le. 
ejib'tl that the lower level of F, of the t'^'o bein^ compari'l. j** '^ati^faetr^ry a^ 
th.e higher level in nu*i*tin}j the full requirement*; of the nnii^nl. Ibvn’z^e of thi*» 
error in interpretation, rtn'*ir." fr*>m »lbr» car*! of *i.o 'lir'ini^' in ;3 
returts*' principle where it nppr:»'«, the nutritional Ti''pHreme!,t*; of nt-imal' have 
bi'-'n «''.5bj»'et»'»l to a teipleiicy touar'l urvleri '’tim.qtion. ' ’ 
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dom into 4 gTOU) 7 .s of 4, in .sucli a ^vay Ihai oacli group con- 
tained one pig from each litter, and placed on the experimental 
diets. 

TADLE 2 


Amino acid composilion and niiropcn content of dried ivhey and amino acid 
mixture, used in experiment S 



WIjpj- » 

.iMouNT fitTriiirn nv 

Amino ncitl mi.tturo 

Form X cont^-nt 

TOTAh AV.\V.Ar.hi: 
MllliO ACW or 
nASAL DIET 


% 

Cc 


ro 

% of dirt 

<fc of ervde 
jirotrin - 

Arginine 

O.OG 

0.22 

I.-HC1 

O.OG 

0.24 

1.5 

Histidine ’ 

0.03 


i..nci 


0.03 

0.2 

Isolcucino 

O.IG 

O.SO 

DL 

0.09 

0.5G 

3.5 

Loucinc 

O.Cfi 

0.51 

h 

O.OG 

O.SO 

5.0 

Lysine 

0.22 

0.73 

I.-IIC1 

0.11 

O.SO 

5.0 

Methionine * 

0.03 

0.39 

DL 

0.04 

0.42 

2.G 

Phenylalanine * 

0.07 

0.43 

DL 

0.04 

0.50 

3.1 

Threonine 

O.H 

0.84 

DL 

0.10 

0.5G 

3.5 

Tryptophan ’ 

0.03 

0.13 

DL 

0.02 

0.16 

1.0 

Valine 

0.13 

0.70 

DL 

O.OS 

0.4 S 

3.0 

Cystine * 

O.OG 




O.OG 

0.4 

TjToaine * 

O.OG 




O.OG 

0.4 

Tot.nl 

3.25 

wm 


O.CO 

4.S1 

29.2 


‘Per cent of amino ncid X % digestibility of whey protein (90%). Figures for 
fho amino ncid composition of dried whey were obtained from "Williams {'55) and 
figure for the digestibility of wliey protein was obtained from Morrison ('51). 

^ The histidine content of dried whey was determined by column chromatography 
(Moore and Stein, *51). 

’Methionine, phenylalanine and tryptophan are utilized in both forms. 

* C^’stinc has a sparing action on methionine and tyrosine on phcnylalamnc. 

'Crude protein = 10.0% of diet. 

The basal diet, sho^nl in table 1, contained 16.0^ total crude 
protein, 2.77% being supplied by dried whey (N X 6.44),^ 
3.75% by amino acids (N X 6.25) and 9.48% by diamnioniiun 
citrate (N X 6.25). The nitrogen and amino acid contents of 
the amino acid mixture are summarized in table 2. The dietary 
contents of the individual amino acids were based on values 
which had been determined for baby pigs, where available. 

‘ TIio N factor of 0.44 was suggested bj* Pcrlmaim and Jjongswortli ( ’iS) and is 
based on ^S-lactoglobulin, the main constituent of whey protein. 
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not much, if any, iiighcr tlian 0.3% of sucli <a diet. This Avould 
be equivalent to a requirement of approximately 1.5% of the 
dietary protein. 

The results of the second experiment are summarized in 
table 4. The 0.3% level of total ij-histidine appeared to be 
optimum and 0.2% produced gains of cssentiallj'' the same 
magnitude. The 0.1% level vas associated ■with a less uniform 
response of a lesser magnitude. In terms of both gains and 
appetite of the pigs the 0.4% level was poorest. Wlien the 

TABLE 4 

Average dato for receiving various levels of histidine 


Bxporimont 2 



Furi’j.rMKKTAn nrvEn 

or Dn*niSTiDi-vE (<%) 


0,06 

0.20 

0.4 6 

o.cc 

TotnJ l>histi(3ine, % of diet * 

0.30 

0,20 

0.30 

0.40 

Total li-bistidine, of protein 

0.50 

1.0 

3.50 

2.00 

Number of pips 

rt 

o 

o 

o 

Days on trial 

38 

IS 

IS 

18 

Initial veiplit, kg 

3.S 

3.0 

3.5 

3.6 

Final weight, kg 

4.5 

4.4 

4.4 

3.S 

Daily gain, gm 

35 rt 7 * 

40 ± 2 

51 ± 7 

11 ± 24 

Daily gain, % of initial weight 

0.01 

1.2S 

1,48 

0.32 


* Soo footnote 2f tabic 3. 

* Standard deviation. 


pigs in lot 4 were transferred to the 0.3% level for an addi- 
tional 5 daj^s, they gained rapidly, the average daily gain being 
115 gm. The abrupt gain in one pig from lot 4 in the three 
days prior to changing the ration cannot be explained. 

A summary of the data obtained in the third experiment is 
presented in table 5. That the basal diet is deficient in histi- 
dine (0.03% of the diet) is indicated by the slow growth, poor 
appetite and low feed utilization. Increasing the level of his- 
tidine in the diet improved the pigs’ apiietites and produced 
significantly higher daily gains. In terms of gi’owth, appetite 
and efficiency of feed utilization the 0.19% level of total n- 
histidine appears to be approximately optimum. However, the 



A COMPAEISOX OF THE BIOLOGICAL VALUES OF 
DIETABY PEOTEIX IXCOEPOEATED IX 
HIGH- AXD LOV’-FAT DIETS 

V. CHALAM METTA * AXD H. H. MITCHELL 
Din'^ton of Animal Xiitrifion, Vniversitu of 
Illinois^ Urbane 

(Received for publication January *27, 395G; 

The thesis has been genei’allv accepted that the chief func- 
tion of carbohydrate or fat in the animal organism is calori- 
genic and that dietaiy carbohydrate is better than dietaiy fat 
as a protein-spai-ing nutrient. Even excessive amounts of 
fatty acids are oxidized through the tricarboxylic cycle in the 
presence of oxalacetic acid and in this vray fatty acids of the 
dietary fat vould become available for energy purposes. 
However, if a diet consists solely of fat, large amounts of 
ketone bodies would be produced and the kidney would prob- 
a])ly produce more ammonia in order to neutralize these acids. 
The result may be an increased catabolism of the tissue protein. 
Literature on protein utilization provides conflicting evidence 
regarding tlie effect of dietary fat on protein metabolism. Tiie 
discrepancies among the results of various laboratories seem, 
m part, duo to inotTective experimental technics or to dubious 
iuterpretation of the data. Many research workers have used 
growth of the younp: animal or repletion of the protein- 
<le])loto(1 animal to monsuro the nutritive value of a protein. 
The nitrotron halance index method of Allison and Anderson 
('40) or the hioloirioal value method of Mitcliell (’24) are 
ainonti the more precise methods for mea^urinc: even small 
ditlerenees in ]>rotein quality. 
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A comparison of the last two experiments suggests that the 
D form of histidine is poorl)' utilized, if at all, u-hen it is fed 
in a racemic mixture, since in experiment 2 tlie dl form was 
fed but the response was proportional to the level of the l 
form as judged by the results of experiment 3. Similar find- 
ings were reported in studies with dogs (Abderhalden and 
Buadze, ’31), guinea pigs (Edlbachcr ct ah, ’41), rabbits 
(Abderhalden, ’22), man (Albanese et ah, ’45) and the mouse 



0.5 1.0 1.5 2.0 
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Fig, 1 Bclativo growth response of b.nby pigs fed difTcrent levels of 1 ,-histidine. 


(Celander and Berg, ’53). However, the rat seems to utilize 
the unnatural isomer both for growth (Cox and Berg, ’34) 
and for the maintenance of nitrogen equilibrium (Nasset and 
Gatewood, ’54). 

It is seen that the daily gains in the first experiment were 
much higher than those in the latter two experiments. It seems 
probable that the liquid nature of the first diet was not en- 
tirely responsible for the greater gains, tlie dietary com- 
ponents of that diet could have been a factor. It contained 
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nitrogen) diets (III and also Io-r- or high in fat). During 
the third experimental period reversal feeding of the test 
diets was followed so that the group which had received the 
low-fat diet in the first period now received the high-fat diet, 
and vice versa. The adequacy of a 10-day pre-feeding period 

TABLE 1 


Composition of the cxperimcnidl diets 


CONSTITUEN'TS 

te^t mxTs 

8TAM>AEDnCIS0 DIET.S 

TEST DIETS 

Diet I 

Diet II 

Dietlll 

Diet IV 

Diet V 

Diet VJ 



Cc 




f* 

Whole egg ^ 



5.00 

6.67 



Cajicin * 

o 

o 

ci 

10.00 



10.00 

13.33 

Salts 44G* 

4.00 

0.33 

4.00 

5.33 

4.00 

5.33 

Sodium chloride 

LOO 

1.33 

LOO 

1.33 

LOO 

3.33 

Vitaminized 







starch (GDI)* 

5,00 

6.07 

5.00 

0.67 

5.00 

0.67 

Liver fraction 







(Wilfjon 1:^0; 

0:2o 

0.33 

0.25 

0.33 

0.25 

0.33 

CofMiver oil 

1.50 

2.00 

1.50 

2.00 

L50 

2.00 

Wheat germ oil 

0.50 

0.67 

0.50 

0.67 

0.50 

0.67 

Wootl tlocl: ^ 

2.00 

2.07 

2.00 

2-67 

2.00 

2.67 

t'arbnhydrnte 







mixture^ 

70.75 

34..33 

77.S2 

44.39 

72.75 

37.00 

Lard 

5.00 

30.07 

2.D3 

29.94 

3.0(» 

30.67 

Total 

100.00 

lUO.OO 

100.00 

JOD.no 

100.no 

100,00 


Ijinltfsis of (hfts after 

mixing (prams per 100pm) 


Total nitrogen 

1.75 

2.33 

0.01 

0.S2 

1.47 

L93 

Kther extract 

4.SD 

32.71 

5.20 

33.57 

5.12 

33.41 

Dry matter 

D2.S7 

9:>M 

D3.30 

94.S1 

92.6 S 

95.76 

(»ro‘?< energy 







(calori<*s) 

401 

55S 

3P1 

54.7 

39S 

.5.73 

K'jraloric factor 

LOD 

0.75 

LOO 

0.75 

1 .00 

0.75 


‘ Driu! jiml ^IhfTM'XtrncteNl. 
* vitnnun-fr«'t\ 

’ Spt'rinr ( *4^ ). 


conipnvitjon of vitrntuniro«l ns f{»nnv, 

tljrJinlo ]>yrMo\jn»' li^ilrorlilnridf', riLo;!avin twA 

.» ntj; t 'irli j r»;rotjnir nrif] /j-nr-unotM isrnic prii] 'J ' ‘ r* • 

rhInriiL* (>TrrrL ^]ry mix t ni;-! rr»rr>^nrf4j 

* OiMriloitfsl Lv Bnmn rortlnr.*!. 

’ i 'ifL/i' t4r;i»tv ( f fr«rr *% , * , ^ 
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tills reason, tlie combined effect of other substances "ndth vita- 
min D could not be evaluated. 

3. Proportionally more of the absorbed Ca'**' vas found in 
the femurs of the vitamin D-supplemented rat than in the 
vitamin D-deficient rat. Vitamin D had no apparent effect on 
the deposition of absorbed Ca^^ in the tibias of the rachitic 
chick. 

ACKNOWLEDGMENTS 

The authors wish to acknowledge gratefully the technical 
assistance of Major M. M. Nold, USAF(VC), and Caroline 
Schooley. Gratitude is also due the staff of the animal labora- 
tory for the care of the experimental animals. 


LITERATURE CITED 


or OrnciATj Aop-icxiLTcrvAXi Cue^iists 1950 OfUtinl methods ot 
annlvsis, 7th Jld., IVashington, D. C., p. 792. 

Comar, C. L. 1955 Jlcidioisotopcs tn BioJopp and Agriculture, McGraw-Hill 
Booh Co., Inc., Xcw York. 

Dukes, H, IT. 1955 The Phpsnolopy of Domcfitic AnimaU, Comstock Publishing 
Associatrs, Ithaca, ICew York. 

Fournier, P. 1955 The metabolic action of sugars. Complc- rcnrl., "40: 115. 

•Toiianssos, K. R., W. B. Sarlks and S. K. SriApiRO 1948 The intestinal micro- 
flora of hens as influenced bv various carbohydrates in a biotin-dcficicnt 
r.ntion. J. B.'trt., S€: dl9. 

Kunr, O. B., J. a. Keenan, C. A. KuvEnjEM and E. B. Hart 1932 Lactose 
in nutrition. Biob Chrrn., OS: 121. 

LntMANN, n., AND L. K 19-ll'-19t2 Tho influence of amino acids on 

tran«^frr of pho*=^phato in mu<iclr extract and on the solubility of 
mapicsium atnl calcium salts. J. Physiol., 100: 17P. 

Lenoeman?.*, r. IV., C. I*. Comar and R. H. Waeferm.kn 19.57 Absorption of 
calcium and strontium from milk and nonmilk diet*. .T. Nutrition 
02: .571. 


Mavnard, L. a. 1951 Xwfntinr, 3rd. Ed. McGr.awHiil Boi»k Co., Inr., 

Xrw York. 

Mtr.irovsjn. Ih B., .‘.ND A. R. G. EmsuE 19:a D.po-jtion of r.adrn:,rtlro ralrium 
in rarlutlc and nonrachitic cliick tibia from oral :u d intramu^ubr 
d<'''« of (*.*!**, Arch. Bicwhm.i., jS : 524. 

N \T1I. U.. Y. 11, DAr.Ki. W. B. s^ni.r>: a;:p Ei.vrn.'r.v: lOSv 

in thr rcntf;.t« o’ r.il« fr.'. v.-.rir)-.:* r.nrl-eiv.lr-itf « t 

.<C; :c-„ ' 

Nt,v-..VA,.TV. .nn N. V^r. I'C.r. T!,r V:-I-rr,i.;r.r 

.. . IV, YorL 



MILLET (SET ARIA ITALIC A): ITS AlyllNO ACID 
AUD NIACIN CONTENT AND SUPPLE- 
MENTARY NMJTRITnrE VALUE 
FOR CORN (MAIZE) " 

AUEOEA S. MAKGAY,* -WILLIAM K. PEAESOY 
KlsD TniilAIM J. DAUBY 

Division o/ A’^iitrition, Departments of Biocliemistrp and Ifcdicine, 
Tanderhilt University School of Medicine, 

2\<ishville, Tennessee 

(Beceived for publication Y ebruary 1, 1957 ) 

I^'THODDCTIOX 

“jMillet” is a generic term applied to any of varions small 
seeded cereals and forage grasses and frequently used iii 
some countries as a general designation for sorglium, -wlieat 
or other native cereals. Botanically, distinct species are 
regarded as millets, the most common of which are Paiiicum 
miliaccum (common millet), Scioria ifolica (Italian millet), 
Elcucine coracana (finger millet or ragi), Pcnniscfinn iy- 
pltoidcum (pearl millet) and Echiuocldoa crusyaUi (Japanese 
harnyard millet). Anderson and ^Martin (’49) detail the 
macroscopic structure and characteristics of these varions 
species of millet. 

Millet is often considered to he a “poor man's cereal." In 
some regions of Eastern Europe and Africa it is consumed 
in the form of jiorridge or llathread. In the Uniterl States it 
is used mainly in poultry feed. Few studios have heen made 
of the nutritive value of this cereal. Data concerning the 

* A pftrtnJ* of 4:\tn rtrr fr'-vi n thf'.;-* *1 to VLr,«:frbnt 

w r^W} }i\ iM.r of t’.n irt fr.lf.UrAM of tV.r Tf-q'jirt: 

for tVr tlr-rt't' of Mr.-Vr of Srh r h* Ntr^. 

'T^ ‘tolv or.« it. pr.rt bv ;:rr.t t*- fn-r*. \\ r t. rrr.rr. 

f»‘: V..i 0 b:.! of <bf!rrr « r.: ; frr.;:'. T., I. i\.M .'r. 
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ablj^ fortified halibut liver oil %vas added to the ration once 
each weeh to provide the follo^ving intakes: vitamin A, 400 
I.TJ; vitamin D, 4 I.U.; 2-methyl-l, 4-naphthoquinone, 0.06 
mg; and alpha-tocopherol, 0.7 mg. The supplements studied 
(maize, miUet, niacin, tryptophan and lysine) vere incor- 
porated at the expense of sucrose and at the levels indicated 
in tables 2, 3, 4, 5 and 6. 

The total nitrogen content of millet and maize Avas deter- 
mined by the macro-Kjeldahl method (Association of Official 
Agricultural Chemists, ’50). The estimate of protein content 
Avas made by multiplying the per cent nitrogen in a sample 
by 6.25. Isloistnre Avas determined by drying the sample to 
constant Aveight at 110° C. 

The amino acid composition of millet and maize Avas de- 
termined microbiologically. Tryptophan Avas estimated by 
the procedure of Greene and Black (’44), and niacin Avas 
determined by a modification of the method of Snell and 
Wright (’41). Both of these assays Avere made at the con- 
A’entional 10 ml assay loA*el. Assays for other amino acids 
(lysine, tyrosine, plienylalanine, methionine, valine, leucine, 
isolencine, arginine and cystine) were carried out in a total 
volume of 2 ml according to the procedure of Snell (’45). 
Commercial assay media • A\-ero used in the determination of 
all amino acids except tryptophan, threonine, and histidine. 
The latter amino acids Avere determined using Sircpfococciis 
faccaUs 2D-21 ® and LaclohacUhts arahhjosus ATCC S014, 
respect ivelv. according to the procedure of Stokes et al. 
('45). 

EESUETS .\ND UISCUSSIOX 

The amino acid and niacin contents of millet and maize used 
in the present investigations are given in table 1. along Avith 
A'.'ibies from the literatiiro for Avholo wheat, ragi and It.alian 
millet. The niacin content of millet found in this stndv 
(1.40 mg C ) 15= similar to (hat reported by Aykroyd and 

’ iKfrn r.?. ! H r.r. 5 CtArr.i'*.*'.! 

0:vU'A>Ttvl:\. 

• A. A, J. Tlf.*., ICC, 
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Swaminathan (’40). Ho^vever, later studies by Swamiuatbau 
(’44), indicated a mncb lower (0.7 mg ^) niacin content of 
the same kind of millet and Giri and Nagana ( ’41) reported 
that Italian millet does not contain measurable amounts of 
tbis vitamin. Our analyses indicate a niacin content of 
millet somewhat lower than that of maize and wheat and 
approximately that found in ragi (finger millet). The vari- 
ability in results obtained by these investigators may be 
due to different methods of determination. Giri and Xagana 
(’41) and Swaminathan (’44) used a chemical method of 
analysis, while Aykroyd and Swaminathan (’40) employed a 
microbiological method of determination. 

The amino acid values obtained in this study and the results 
of Baptist and Perera (’56) are compared in table 1. With 
the exception of leucine and isoleucine, the values reported 
by these workers are somewhat higher than ours. Whether 
this discrepancy reflects actual differences in the amino acid 
content of the samples assayed or differences in the techniques 
employed cannot be stated. However, both analyses reveal 
a similar amino acid distribution pattern with lysine being 
the most limiting amino acid. The nutritional significance of 
the relatively high tryptophan content of Italian millet will 
bo discussed later. In general, the assay values presented 
here tend to confirm the relatively high biological value of this 
cereal as reported by others (Xiyogi et al., ’34; Swaminathan, 
’.37; Muklerjeo and Parthasarathy, '48). 

A few studios of the amino acid composition of ragi (finger 
millet) are available and the data from the publications of Lai 
(MO). Balasubramanian, ot al. (*52) and of Baptist and 
Porcra (’56) arc included in t.ablo 1. On the basis of the 
analytical data. Italian millet is clearly superior to ragi as 
a protein source. Except for lysine, the amino acid composi- 
tion of llic former is siqicrior in every case. Tiie amounts of 
tryptophan, leucine, histidine, isoleucine and phenylalanine 
found in Italian millet are approximately three time? those 
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permit selection of the variety of this cereal best suited for 
human and animal feeding. 

In comparing the amino acid composition of Italian millet 
with that of maize, it is seen that this miUet contains hvice 
as much tryptophan as does maize, hut is more limited in 
lysine, tyrosine, arginine and histidine. In figure 1, the 
proportions of amino acids of millet and maize are compared 
with those reported hy Flodin (’53) as optimum for growth 
of the rat. On this basis, Italian millet appears to he most 
deficient in lysine, hut is probably also inadequate in histidine, 
threonine, valine and methionine and cystine. Despite the 
limitations of this method of assessment, the nutritional 
weakness of this cereal as a sole source of protein is evident. 
The inadequacy as predicted from these analyses has been 
confirmed, and will be discussed later. 

The total protein content of Italian millet is higher than 
that of maize or ragi, hnt slightly lower than Avheat. The 
discrepancy in the protein content of ragi as reported hy 
Lai (’50) and hy Baptist (’54) requires clarification. 

Data on the growth-promoting value of maize and millet 
are shown in table 2. These data are for rats on a basal diet 
containing 9*/^ casein. All results are expressed as total 
weight gains and protein efficiency ratios.® The control 
animals fed the basal diet -b 40% maize grew poorly, with 
a resulting total weight gain of but 40 gm and a protein 
efficiency ratio of 1.40 during the experimental period of 
29 days. In this experiment, the growth was less than that 
obtained on the basal diet alone. Supplementing the ration 
with .3 tng% of niacin enhanced both the growth and protein 
efiiciency ratios to lOSgm and 2.42, respectively. To compare 
tin* supplementary value of millet to that of maize, rats were 
fed the basal (9% casein) diet -f 40% millet. In contrast 
to the maize diet, this ratioji satisfactorily supported growth 
with a total weight gain <<f 109 gm and a protein effioiency 
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efficiency ratio -was less tlian that found -witli the 40% millet 
diet or 40% maize niacin diet. 

The growth produced by basal diet -f- 40% maize 40% 
millet was equivalent to that produced by the basal-maize 
diet -f- niacin. The addition of niacin to basal maize -f i^il- 
let diets improved neither growth nor the protein efficiency 
ratio. Reducing the amount of maize to 20% in the diet did 
not significantly afiect the growth of rats. However, the 
protein efficiency rations produced by diets containing 20% 
maize were slightly higher than those containing 40% of this 
cereal. 

Since supplementation of the maize diets with eitlier niacin 
or 40% millet enhanced both growth and the protein efficiency 
ratio, an experiment was devised to determine whether the 
supplementary effect of millet was due primarily to its niacin. 
The millet contained 1.40 mg% of niacin. Groups of rats 
were fed the basal diet -r 40% maize supplemented with 
different levels of millet (5%, 10%, 20% and 40%) for an 
experimental period of 26 days. The growth of these animals 
was compared to that of groups receiving the basal diet 
supplemented with amounts of niacin (0.06, 0.12, 0.24 and 
0.48 mg%) equal to that in each of the millet supplements. 
The results are shown in table 3. The addition of various 
levels of millet to basal -b 40% maize diet (replacing an 
equivalent amount of sucrose) enhanced growth above that 
obtained when the equivalent amount of niacin was added. 
The best growth was obtained with the basal -f- maize diet 
supplemented with 20% or 40% millet. The addition of 
niacin alone did not enliance the growth of the rats on a -iO^c 
maize diet until the level of 0.24 mg% was reached. It f-honbl 
again bo noted that although the growth obtained with millet 
supplementation was superior in eveiw' case, the protein ef- 
ficiency ratios were not uniformly superior. 

Inasmuch as the niacin content of millet did not appear 
to be the sole factor responsible for the enhancement of 
growth of rats receiving tho bas.al ~ maim diet, a '^tmlv was 
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drift. This suggests that amino acids, other than tryptophan, 
provided by the millet are used less efficiently vhen present 
in higher amounts and could be due to the fact that, as the 
millet content of the diet is increased, lysine becomes more 
and more limiting. It is unlikely that the capacity of the rat 
to synthesize protein has been exceeded in these experiments. 

TABLE i 

SuppUmcniary effect of millet, tryptophan and niacin-tryptoplian on the growth 


of rats' 

receiving a 9 

ffo casein 

40% mav 

re diet 


FVrPLKMXKTS TO 

9 9c CAPEt>’ 

40rc MAHEOirT 

Gnowrn ix 

27 DATS 

v.T.n. 

TOTAn 
PEOTE/X 
IKTAKE XX 
27 DATS 

XIACTX 
IXT.AKE PEE 
100 CM DtET 

TETPTOPnAX 
rXTA-KE PEE 
100 GM DIET 

9c 




my 

ma 

JCone 

7S i: S’ 

2 42 

32.25 

1,10 

133 

Millet, 5 

9G 5 

2.66 

38.0S 

1,16 

144 

Trrptoplian, lliug 
Xiacin, O.OG mg -f 

100 3 

2.S1 

35.59 

1.10 

144 

tryptophan, 11 mg 

D7 3 

2.51 

3S.64 

1,16 

144 

Millet, 10 

104 it 5 

2.55 

40.72 

1 22 

155 

TrjTitophnn, 22 mg 
Xiacin, 0.12 mg -f 

96 1 

2.64 

36.35 

1.10 

lOD 

trvptophan, 22 mg 

103 3 

2.63 

39.10 

1 2*^ 

155 

Millet, 20 

105 :t 5 

2.26 

46.48 

1.34 

177 

Trvptophan, 44 mg 
Xiacin, 0.24 mg 4- 

101 It C 

2.67 

37.7C 

1.10 

177 

trvptophnn, 44 mg 

103 :i: 3 

2.57 

40.09 

1.34 

177 


* Seven nnitnnls wore used in cnch group. 
'Stnndnrd error of the menn. 


Wlion millet is oaten by liumans it may constitute a very 
high percentage of the dietary. Accordingly, a further study 
was made of the otToct of this cereal vhon given as the sole 
source of protein in the diet, i.e. vithout casein. The growth 
performance of rats fed a diet containing millet for an 
experimental period of 21 days is given in table Hats on 
tbe millet diet grew poorly during the 21 -day period 

with an .average weight gain of but IS pn and a protein 
efficiency ratio of l.OG. Supplementing the diet with niacin 
or tryptojdian or both did not improve growth or the protein 
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supplementation. This finding confirms the amino acid anal- 
yses which indicated that this cereal was deficient in lysine. 

When maize was the sole cereal and only source of protein 
in the diet, growth was also very poor and the addition of 
niacin or tryptophan or both had no effect. Addition of millet 
at the levels 2, 5 and 10%, as well as of niacin and tryptophan 



DAYS 

rip* 2 KfTort of lysine siippU’mentation on the pronrth of rnts fc<l nn 
millet tViol. 


supplomoiit.s to llie S0% maize diet, did not improve the 
iirowth or protein cfliciency ratio. However, addition of 
iysine to n diet of S0% maize -f 10% millet -f niacin — tn*p- 
tophan inpn-oved growth appreciably with a resulting tot.al 
weight gain of "yl gm and protein efneiency ratio of .3.0.1. 
Lysine was withont effect in the absence of niacin and 
tryptophan, indicating: that the diet of 80% maize lO'il 
n\ilb>t is deficient in tryptophan and lysine to about the same 
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It is evident tliat as the millet content of a maize diet is 
Increased, tlie diet becomes more deficient in lysine and less 
so in ti-yptoplian. This, combined with the fact that millet 
corrects a maize-indnced niacin deficiency in the rat, seems 
to explain the low incidence of pellagra in those maize-con- 
suming areas where millet is also used, and further suggests 
that under such circumstances one may encounter a limitation 
due to lysine. The improvement in growth of the rat brought 
about by the addition of lysine to a whole millet diet and 
to certain maize-millet mixtures is evident. Clinical manifes- 
tations of lysine deficiency have not been described in humans, 
and the requirements of man under such conditions is not 
known. The consequences of pellagra are well known. It 
would appear that in regions of endemic pellagra where the 
dietary is largely maize, one might beneficially encourage the 
use of millet. In such cases, careful attention should be given 
to selection of a variety of millet of high tryptophan content, 
such as the species here studied. Because of the variation in 
composition of millets, further knowledge of the amino acid 
composition of the various types is desirable. From the amino 
acid and niacin content of wheat, it should have a similar use- 
fulness in maize diets and, again, the epidemiological obser- 
vations are in accord with such expectations. 

In regard to the nutritional value of millet in the human 
diet, it is of interest tliat Marie (’10) remarked on the 
ahsenoe of pellagra among the millet eaters of Egypt, and 
that Pieraorts (’42) observed a decreased incidence of 
kwashiorkor in the Belgian Coiigo in a year when both 
maize and millet were available for incorporation into the 
manioc bread consumed ns the ]n-inci])al food. 

.si'MMAny 

]. .Mierobiolngioal analyses of Italian millet (Sciaria ital- 
ica) for the essential amino acids smrerested that tiiis cereal 
was deficient in lysine, but of high tryptophan content. The 
analytical data were confinnod by the findings that millet will 
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Nelson and Evans (’46) demonstrated that pantothenic 
acid deficiency in the rat resulted in fetal death vrith resorp- 
tion or in undersized young, some of which were stillborn. 
Since then, Lefebvres-Boisselot (’51) has observed a high 
incidence of cerebral and eye defects, digital hemorrhages and 
edema in rat fetuses from pantothenic acid-deficient mothers. 
Zunin and Borrone (’54) have reported the occurrence of 
similar anomalies in the offspring of pregnant rats given 
pantothenic acid-deficient diets containing the antimetaholite, 
pantoyltaurine. These reports have prompted our reinvestiga- 
tiou of the etiocts of pantothenic acid deficiency on embryonic 
development in the rat. The effects of the vitamin antimet- 
abolite, omega-methyl-pantothenic acid, have also been 
studied. 

METHODS 


Stock female rats of the Long-Evans strain. 60 to 65 days of 
age, were placed on the pantothenic acid-deficient diet on the 
day of breeding: othor.« were bred after approximately 4, 10 
or 20 days of the vitamin deficiency and continued on the 
deficient diet. Control animals received the pantothenic acid- 
deficient diet for IS to 20 days before brooding and 
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term experiments in the rat nnless specially pnrified proteins 
are used or acute stress conditions imposed. Stock rats of the 
Long'Evans strain have been shonm. to have sufficient stores 
of vitamin Bjo to meet the stress of lactation on purified 
diets In studies on riboflavin deficiency (Nelson et ah, 
supplements of vitamin Bjo were given hut it vas not possible 
to detect any significant differences related to this vitamin. 


TABLE 1 

Effect of i}anioihcnic acid deficiency on fetal development tn the rat 


PKriCIEKCY 
PRlOn TO 
BRREDTN'O 


vrr. cUAyoE 
vvniSG 
CESTATtOK 




TOt^^■G 


RATS 

EEED 

RESOP.P‘ 

TIOKS 

LITTERS 

Total no. 

Av. no. 
per litter 

Abnonnal 

(Toys 

no. 

pm 

rc 






Pantothenic acid-dcflcient diets thtonghont gestation 


0 

23 

-f 74 

22 

78 

IGO 

8.9 

14 

4 

20 

-f 53 

32 

CS 

S7 

6.7 

29 

8 

21 

4* 27 

57 

43 

45 

5.0 

20 

10 

20 

4 29 

70 

30 

44 

6.3 

16 

20 

21 

G 

100 

0 

0 




Pantothenic ncid-s 

upplcmcnted diets throughout gestation 


19 

24 

4115 

0 

100 

249 

10.4 

0 


I^KSULTS 

Table 1 shows that when pantothenic acid deficiency was 
instituted at the beginning of pregnancy, fetal death with 
resorption of the entire litter occurred in 225 o of the animals. 
Tn tlio living young, H^'/c showed macroscopic abnormalities. 
"When the deficiency was started just 4 days before breedimr. 
embryonic development was more severely affected, the 
incidence of abnormal yoiing increasing to 29fr and fetal 
death with resorption to o2ff. "With longer periods of 
deficiency before breeding, fetal death with resorption of the 
entire Utter increased, and when the deficiency was instituted 
20 days before breeding all atiimals resorbed. The preimant 
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term experiments in tlie rat unless specially purified proteins 
are used or acute stress conditions imposed. Stock rats of the 
Long-Evans strain have been shown to have sufficient stores 
of vitamin B 12 to meet the stress of lactation on purified 
diets ®. In studies on riboflavin deficiency (Eelson et ah, ’56), 
supplements of vitamin Bio were given hut it was not possible 
to detect any significant differences related to this vitamin. 


TABLE 1 

Effect of pantothenic acid deficiency on fetal development in the rat 


DEriCIEKCT 
PRIOn TO 
BREnDIN’G 


WT. CHAN’CE 
DURING 
GESTATION 




TOUNG 


RATS 

BREP 

RESORP- 

TIONS 

RITTEES 

Total no. 

Ar. no. 
per litter 

Abnormal 

days 

no. 



Uc 





Pantothenic acid-deficient diets throughout gestation 


0 

23 

+ 74 

22 

78 

IGO 

8.9 

14 

4 

20 

-f 53 

32 

68 

87 

6.7 

29 

8 

21 

+ 27 

57 

43 

45 

5.0 

20 

10 

20 

-f 29 

70 

30 

44 

6.3 

16 

20 

21 

— 6 

100 

0 

0 




Pantothenic acid-supplemented diets throughout gestation 


19 

24 

+115 

0 

100 

249 

10.4 

0 


RESULTS 

Table 1 shoAvs that Avhen pantothenic acid deficiency was 
instituted at the beginning of pregnancy, fetal death vfith 
resorption of the entire litter occurred in 22% of the animals. 
In the living young, 14% shoAved macroscopic abnormalities. 

ben the deficiency AA'as started just 4 days before breeding, 
embryonic doA'clopment Avas more soA'erely affected, the 
ineidence of abnormal young increasing to 29% and fetal 
death A\-ilb resorption to 32%. With longer periods of 
deficiency before breeding, fetal death AA'ith resorption of the 
entire litter increased, and AA'hen the deficiency awts instituted 
^0 d.iAs before breeding all animals resorbed. Tlie pregnant 
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CO^JGEXITAL AB:S^0EMALITIES 


397 


term experiments in the rat nnless specially purified proteins 
are used or acute stress conditions imposed. Stock rats of the 
Long-Evans strain hare been shown to hare snfiicient stores 
of ritamin B 13 to meet the stress of lactation on purified 
diets In studies on riboflarin deficiency (Nelson et ah, ’56), 
supplements of ritamin B 13 were giren but it was not possible 
to detect any significant differences related to this ritamin. 


TABLE 1 

Effect of Ti}anioihenic act<J deficicnexj on feioX development tn the rot 


DEFICnrKCT 
PRIOR TO 
BRrnDiNO 


vrr. CIIA^’GE 

PTir.ixG 

GESTATION 




TOtTNG 


RATS 

RRRO 

RE50P.P' 

TIONS 

LITTERS 

Total no. 

Ar. no. 
per Utter 

Abnormal 

dClJB 

no. 

j7m 

Tc 




rc 


Pantothenic acid-cleficient diets thronghout gestation 


0 

23 

+ T4 

22 

78 

160 

S.9 

14 

4 

20 

4- 53 

32 

68 

87 

6J 

29 

8 

21 

+ 27 

57 

43 

45 

5.0 

20 

10 

20 

29 

70 

30 

44 

6.3 

16 

20 

21 

— 6 

100 

0 

0 




Pantothenic acid-sapplcmcntcd diets throughont gestation 


19 

24 

-fll5 

0 

100 

249 

10.4 
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KESrLTS 

Table 1 shows that when pantothenic acid deficiency was 
instiUited at the beginning of pregnancy, fetal death with 
resorption of the entire litter occurred in 22% of the animals. 
In the firing young, 14% showed macroscopic abnormalities. 
When the deficiency was started just 4 days before breeding, 
embryonic derolopment was more sererely affected, the 
incidence of abnormal young increasing to 20% and fetal 
death with resorjnion to 32%. With longer periods of 
<leficiency before breeding, fetal death with resorption of the 
entire fitter increased, and when the deficiency wac instituted 
20 tlnys before breeding all animals resorbed. Tlie ]tregnant 
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(25 to 2790 ) of the pregnancies and 15 to 21% of the living 
young were abnormal. Accentuation of pantothenic acid- 
deficiency in the rat by this antimetaholite is in agreement 
Avith the findings of other investigators, e. g. Shinazi et al. 
(’50). 

The anomalies observed macroscopieally in 102 abnormal 
offspring (table 3) included those defects previously reported 
by other investigators, namely, exencephaly, (figs. 1 and 2), 
hydrocephalus, anophthalmia, microphthalmia, digital hem- 
orrhages (figs. 7 to 10) and edema. In addition, interven- 
tricular septal defects, anomalies of the aortic arch pattern, 

TABLE 3 

Incidence and types of macroscopic aVnormaliiies resulting from 
pantothenic acid deficiency in 102 ahnormal 21-day fetuses 


Vo 

'Microphthalmia and anophthalmia 32 

* Edema 31 

Hydronephrosis and hydrouretcr 31 

Clubfoot, tail defects and cleft paLate 23 

* Dip;itnl hemorrhages 19 

* Exencephaly and hydrocephalus 13 

Dermal defects 13 

Cardiovascular anomalies 12 


' Anomalies reported by other investigators. 


hydronephrosis and hydrourcter (figs. 5 and 6), clubfoot, tail 
dofocls, cleft palate, and dermal defects (figs. 3 and 4) wore 
observed. Single examples of undescondod testes and 
a])jmvent absence of the kidney.s were also found. Tlicse 
abnormalities were similar to those observed in studios on 
other teratogenic dietary deficiencies, o. g. pteroylglutamic 
acid and riboflavin (Nelson et al., ’.52, 555, \5G) with the 
exce)iti<tn of the digital hemorrhages and dermal defects. 
According to Giroiid et al. ( ’.5.5). the digital hemorrha ges (figs. 
7 and 9) arc followed by demmeration of skeletal elements and 
sometimes by “ spontaneous amputation" of the digits so 
tliat malformed paws or eetrodnetyly resulted (fms. 8 and 10). 
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tioii has been estimated by Lefebvres-Boisselot (’55) to be 
approximately 9 mg per Mlogram (weiglit of coneeptas) in. 
contrast to reported requirements of 3 to 4 mg per kilogram 
i>ody weight at birtb, 1 to 2 mg per kilogram at weaning, and 
0.5 mg per kilogram at 10 Aveeks of age. 

The deleterious effects of a transitory deficiency of 
pantothenic acid induced by the antimetabolite during the 
second week of pregnancy are similar to those found for a 
transitory deficiency of either pteroylglutamic acid or 
riboflavin during this period. Fetal damage produced during 
the critical period of embryonic differentiation and organo- 
genesis cannot be reversed by vitamin supplementation later 
in pregnancy. The results demonstrate the necessity of 
pantothenic acid for early embryonic development in the rat. 


SUMMARY 

Multiple congenital anomalies in rat fetuses resulted AA'hen 
pantothenic acid deficiency was instituted on the first day of 
gestation or 4 to 10 days before breeding and continued 
throughout pregnancy. "Wlien the vitamin deficiency Avas 
limited to the first 12 or 14 days of the gestation period, fcAv 
anomalies Avere observed. HoAvovor, addition of the antimet- 
abolite, omega -methyl- pantothenic acid, to the deficient diet 
for the last Iavo or three days of this period accentuated the 
deficiency and fetal death Avith resorption of the entire litter 
resulted in some cases; in other cases more abnormal young 
Avero found than in the absence of the antimetabolite. 

The abnormalities observed included those previously 
reported, namely, cerebral and eye defects, digital hem- 
orrhages and edema and. in addition, interventricular septal 
defects, anomalies of the aortic arch pattern, hydronephrosis 
and hydronreter. clubfoot, tail defects, cleft palate and dermal 
defects. 
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(Roccivcfl for publication Februarr 1, 1937) 


Cliick ct al. (’38), Hughes and Squibb (’42), Wintrobo of 
al. ('43), Loliror ot al. (’51) and Houstgaard (’53) have 
doscriliod tlio various clinical and subclinical syinjitoins which 
compose a syndrome of pyridoxine deficiency in the suckling 
and file weanling jiig. Tlie work of Wintrobe et al. ('43) and 
of ^fouslgaard et al. (’52) indicated that 40 pg of pyridoxine 
j)er kilogram of body weight daily is sufiicient to prevent the 
occurrence of these synqitoms in the weanling pig. However, 
Moustgaard ('53) found it necessary to supply twice tliis 
amount to jirodnce maximum rates of body weight gain and 
])rot(‘in utilization. 

Th(‘ present series of trials was designed to determine tin* 
])yridoxine reijuii'ement of the baby jiiir on a synthetic-milk 
di(‘l. TIu‘ pur])ose of tliis jiajier is to ^n])mit data which relate 
tins nMjnireimmt to the total consnmjition of dietary solids 
and also to re])(n*t observations of j)yrid(»xine defi(‘iencv 
>ymi)tom^ that aiq^enr in pigs which are inadequately sup- 
l>lied with this vitamin. 
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Urine collections were made weekly to determine xan- 
tlmrenic acid excretion values. Collections were made over 
an 8- to 12-liour period. Before being placed into metabolism 
cages for this collection, pigs received an oral dose of dl- 
tryjitoplian amounting to 100 mg per kilogram of body weight. 
Urine xanthurenic acid concentration determinations were 
made using the method of IVachstein and Gudaitis (’52). 

As in previously cited work by the present authors, gros.s 
and microscopic post mortem examinations were made on all 
pigs that died, those which were killed in extremis and those 
jiositive control pigs which were sacrificed to be used as com- 
parative standards. Various organ weights were also taken 
and recorded. All data obtained on individual pigs through- 
out the experiment wore grouped and statistically analyzed 
using the methods of Snedecor ( ’46) for analyzing single 
and multiple classification variance. 

RESrUT.s AXD lUsrT'SSIOX 

The combined results of the three feeding trials pertaining 
to ])ig growtli and feed consumption are presented in table ]. 
Pigs from all lots receiving pyridoxiue gained significantly 
more raiiidly and enieiontly than pigs from the lot receiving 
no dietary pyridoxiue. The daily rate of gain of pigs receiving 
0.75 nig or more of vitamin B,-, per kilogram of dietary solids 
was n to 14% greater and their daily solids intake signifi- 
cantly greater than for those iiigs which received 0.5 mg of 
vitamin B,-, jier kilogram of solids. 

Tli(> pigs which rectuved no pyridoxiue ate and gained 
normally for the first two weeks of exjieriinental feeding. 
I'lieii tliere was a gra<iuai loss of appetite and the rale of 
gain droiipi'd. Most of these jiigs losf weii,dit during the 
tinal week of tin* trial. A ty])ical (>xaniple of a jiyridoxine. 
defieient jiig is shown in figure ]. Vomiting with exjmUion 
ot copious amounts of a thick yi-llowisli.i^ivcu fluid oceurreil 
occasidiially during the tliinl and 4th week- of experiim-ut.a! 
fei'diiiir^ blpileptiform -eizure- were ob-erv.'d fr.'ipemtly in 
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suggested' that focal cortical seizures may he due to a bio- 
chemical lesion, particularly in the metabolism of glutamic 
acid. Epileptiform seizures and vomiting were observed in 
a few of the pigs of lot 2, hut none was observed in any of 
the pigs receiving 0.75 mg or more of vitamin Be per kilo- 
gram of solids. 

A summary of the weekly blood hemoglobin determinations 
is made in table 2. An increasing degree of hypochromia 



Kij:. 1 A )iyri(\n\inr of njjo Wf iphinp only .w 


ns 11 h‘ of pyridoxiiio dcdicic^ncy advanced. 

Tiiis was cvidc^nt in all ]>itrs r(‘(*oiviiiir n.onnr or loss of ]»vri- 
doxino por kilo^rrain of diotary solids. ( *art wriirlit and Wiu- 
troh(‘ (MS) have shown that the fundannnital distnrhanco 
(‘ansin'T llu' hypochromia in pyri<]oxim‘-deru*ii*nt ])iLrs is an 
inability to synthi‘siz(* ]>r(»tophorphyrin. 

lilood ct‘ll studies ]*evealed tin* ])resi*ncp nf ])alc inicrocvti(‘ 
erythrocyti*^ from tile third week nniil tin- einl of the trial 
in jiiirs re(‘eivini: less than U.To imr df vitamin Ik. ]ht kilo- 
irram (»f solids. Anis«»cyto''i^ wa^ (*ommonly oh-orvi-d in l»]ndrl 
trom tin* tleficient ])i^^K aKo. Data on i-rythro.-yt#* pr-.*- 

^entinl in tahlt* d sinyire-^t that o!ii:ot-yt!n*nna mnv K- a -iu* 
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nificant factor in the promotion of pyridoxine-deficiencT 
anemia. Dinning and Day (’56) have recently reported a 
significant increase in erythrocyte connt in the pyridosine- 
deficient rat. 

Total leukocyte counts in pyridoxine-deficient pigs did not 
differ significantly from those of control pigs at any time 
during the trial. However, data in table 3 show a significant 
lymphocytopenia in the vitamin Bo-deficient pigs. There was 
a corresponding increase in the percentage of neutrophils in 
the peripheral blood of these animals. Stoerk (’46), Agnew 
and Cook ( ’49) and Dinning and Day ( ’56) have found greatly 
reduced lymphocyte production in vitamin Bo-deficient rats. 
Dougherty et al. (’44) have demonstrated the presence of 
antibodies in lymphocytes in mice and Stoerck and Eisen 
(’46), Agnew and Cook (’49), Axelrod et al. (’47) and Ludo- 
vici et al. ( ’51) have all observed reduced antibody response 
in vitamin Bc-deficient rats. 

Moustgaard (’53) has reported urine xanthurenic acid 
excretion to be a very sensitive measure of pyridoxine defi- 
ciency in the weanling pig. Data presented in table 4 sboirs 
this to be a sensitive test for dictaiy pyridoxine adequacy 
in the baby pig also. Inspection of the data indicates that the 
level of dietary pyridoxine adequacy lies between 0.75 and 
1.0 mg of vitamin Bn per kilogram of solids. 

In studying the physiological effects of a nutrient defi- 
ciency, the research worker often wonders if the effects are 
a specific result of the nutrient deficiency or a result of the 
coincidentally reduced appetite. To tost this in the present 
work. 4 pigs receiving the positive control diet were pair 
fed with 4 pigs receiving no pyridoxine. The results of this 
trial are presented in talile .5 and demonstrate that tlie bypo- 
cbroinia. oligocythemia, lymphocytopenia and the improper 
metabolism of tryptophan observed in tlie deficicoit plus were 
specific elTecis of ]iyridoxine deficiency and did not result from 
till' t’jisuiiic: anorexia, Xo evidence of tnieroevtosic or atii=o- 
eyiocic was olxerved in blood from the p.nir-fed ]Ki-iiive 
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vitamin Bo-deficient pigs in Ms work. In tlie present study 
the gamma globulin fraction was found to be increased. The 
alpha globulin fraction was also increased and the albumin 
fraction was decreased in the serum of pigs receiving no 
pyridoxine in the diet. A summary of these data is presented 
in table 6. The amount of total serum protein was not sig- 
nificantly altered by the pyridoxine deficiency in this study. 

TABLE 6 

Total serum yrotein concentration and electrophoretic disirihuiion of serum proteins 
in hahy pigs receiving different dietary levels of pyridoxine ^ 

Xicrci, OF PTRIDOXIJrE IN DIET, IN MG/ KG SOI«n>S 
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doxine intake. In addition, one of these pigs received a single 
50 mg intraperitoneal injection of pyridoxine hydrochloride. 
Within a fev^ days the anorexia snhsided and normal gains 
followed in both pigs. By the end of the 24-day recovei^ 
period both pigs vere making excellent gains. Neither of 
the pigs had a recurrence of the epileptiform seizures after 
treatment commenced. Blood components quickly returned 
to normal and urine xanthurenic acid excretion dropped 
sharply. One of the pigs vas sacrificed at the end of the 
recovery period and post mortem examination revealed no 
abnormalities. 

TABLE 7 


^e^aiion of certain critical organ weights to total body weight xn normal, 
^yridoxine-defcieni gair-fed control hahy pigs 



COSTEOLS 

PTEIDOXrSX- 

nnnctEKT 

PAIR-rET) 

COKTUOLS 

Number of pigs sacrificed 

4 

9 

3 

i?elaiice organ xceightt ^ 

Heart 

0.52 liiO.Ol 

0.63 ±0.07 

0.59 i:0.04 

Liver 

2.90 ±0.10 

3.95 ±0.50 

2.72 ±0.23 

Kidneys 

0.62 ± 0.02 

1.07 ±0.12** 

0.56 i:0.02 

Thyroid 

0,009 ± 0,001 

0.016 ± 0.002 

0.009 2: 0.002 

Adrenals 

0.016 ± 0.001 

0.035 ± 0.005* 

0.015 ± 0.002 


* Per cent of total body weight, 

* Significantly greater than corrospontling positive control relative organ weight 
(P = 0,05); ** (P = 0.01), 


SUMMARY 

Levels of pyrkloxino supplementation constituting 0. 0.5, 
0.75, 1.0, and 2.0 mg per kilogram of solids in a synthetic 
milk diet wore used to determine the requirement of the pig 
for this vitamin. An analysis of the growth and feed con- 
sumption data indicates that the 0.5 mg level is nearly ade- 
quate. However, data obtained on blood hemoglobin, red 
blood cell and lymphocyte counts indicate that the minimum 
requirement is not loss than 0.75 mg of pyridoxine per kilo- 
gratn of solids. 'W ith respect to urinary xanthurenic acid, 
howovor, the level of 0.75 mg of pyridoxine is inadequate. It 
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TlioHgli a simple reduction in the fat content of the average 
American diet nsnally produces a prompt fall in the serum 
cholesterol concentration (Keys et ah, ’50; Mellinkoff et ah, 
’50; Stark, ’50; Groen et ah, ’52; Mayer et ah, ’51; Keys et 
ah, ’55), synthetic or artificial diets containing large amounts 
of some vegetable oils may also depress the serum cholesterol, 
at least in short-time experiments (Kinsell et ah, ’52 ; Ahrens 
et ah, ’54; Bronte-Stewaid et ah, ’56). Controlled comparisons 
of different food fats in normal human diets of ordinai'y 
foodstuffs have been notably lacking and the present paper 
reports such comparisons invohung butterfat, corn (maize) 
oil, cottonseed oil, coconut oil, olive oil, sunflower seed oil 
and sardine oil fed at levels representing 30 to 35% of the 
total calories. In addition, the effects of these fats are com- 
pared with those of ordinary American and witli low-fat 
diets in which fats contribute, respectively, around 40 and 
0 to 16% of total calories. 

'Thf* stutlirs roporto<l here ^verc by rc«on.rcb jrrant? from the National 

Bniry Council, atienpo. the Minnesota Heart Association, the Mental Health 
Ke-cnrch Fun^ of the Miiuu-ota Slate Pc partner nt of Public VYlfare and the 
S<*b%v\'pp\' Fowudutinn, Cltirnoo. 
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before the start of each experiment proper and the size of 
the food servings for each man vras adjusted accordingly. 
Nude body "weights were recorded at least every week and 
these measurements were the basis for further adjustments 
in the calorie values of the diets. 

In the few instances when men became uncooperative or ill 
they were dropped from the test group and all data on these 
individuals Avere excluded from subsequent analysis. Weight 
change of as much as 2 kg in a month or 3 kg over an entire 
experiment was also ground for excluding men, and their data, 
from further consideration. For these several reasons we 
excluded a total of 27 out of 159 men in the entire series of 
experiments, 10 of the exclusions occuri'ing in the first experi- 
ment (C) of the series. Improved selection and management 
of the men resulted in losing only two out of 26 men in both 
experiments H and J ; this probably is close to an irreducible 
minimum for experiments averaging 5 to 6 months each in 
duration, including before and after controls. 

The diets. The standard Hastings State Hospital diet, 
planned and prepared under the supermsion of competent 
dietitians, conforms to the ordinary American pattern and 
provides an abundance of meat, milk, butter, vegetables and 
fruits. As served in measured portions in the Metabolic Unit, 
this is termed the “House Diet” and promdes about 90 gm 
of proteins and 140 gm of fats (one-third being butterfat) 
per 3200 Cal. The cholesterol content of this standard “House 
Diet” varies from 600 to 800 mg daily, the general average 
of other nutrients being approximately: vitamin A, 6,000 to 
10,000 I.U.; thiamine, 2.2 mg; riboflavin, 2.3 mg; niacin, 22 mg; 
pyridoxine, 2.2 mg; inositol, 900 mg; choline, 2500 mg; ascorbic 
acid, 100 to 170 mg; tocopherols, IS mg; phytosterols. 90 mg: 
iron, 12 mg: calcium, 1200 mg: poly-unsaturated fatty acTd 
glycerides. 10 gm, of Avhich about S gm represents linoleic 
acid glycerides. 

The men were maintained on this “House Diet” for at 
least •! Aveehs before the start of each experiment Avith the 
various e.xpprimental diets. The basis of all of the experi- 
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portions served to satisfy the -wants of the men and to maintain 
weight equilibrinm. Plate -waste -was recorded on 4 represen- 
tative days of each dietary period (three days in experiment 
J) and the average food consumption computed for these days. 

Fats in the diets. Characteristics of the fats in the diets 
are summarized in table 2. These fats and oils -were purchased 
in large lots, to ensure uniformity throughout each experi- 
ment, and were considered to he typical of good commercial 

TABLE 2 

Characteristics of the fats arid oils vsed in the present experiments 

(The iodine values are those found in the fats as used. The fatty acid values are 
computed from the data given * for samples of those fats having comparable iodine 
values. For the '‘House Diet^^ fat, fatty acid composition vras computed from 
values for fats making up about 95 9^ of the total fat.) 


FAT 

ioDi?m 

VALITE 

Saturated 

! or rATTT ACIDS 

Houo-ethenoid Poly-ethenoid 

Butterfat 

32 

57 

39 

4 

Olive oil 

85 

12 

80 

8 

Cottonseed oil * 


25 

25 

50 

Corn oil* 

120 

12 

37 

ol 

Sunfio\Yer seed oil* 

131 


28 

62 

Coconut oil* 

3 

97 

3 

0 

Sardine oil* 

188 

23 

23 

54 

" House Diot^^ fat^ 

50 

48 

45 

7 


* Fattv acid analvscs were computed from data given by A. E. Bailey, Industrial 
Oil and Fat Products, Interscicnce, Nevr York, 1951 ; E. W. Eckey, Industrial Fats 
and Oils, Rcinhold, Xcw York, 1954; and T. P. Hilditch, The Clicmical Constitution 
of Xatural Fats, 3rd Ed. Wiley, York, 195G. 

® Wesson brand. 

* Mazola brand. 

^Satlo brand, Co-op Vegetable Oil, Altona, Manitoba, Canada. 

»Thc coconut oil used here vras "ITydrol,'^ a hydrogenated product of Burkce’s 
Famous Foods, Inc. 

* From Vnti Camp Sea Food Co., Terminal Island, California. Composition esti- 
mated from data on tlie deforce of unsaturation of the various fractions fece 
Uiiditoh, ’5C). 

’The iodine value compiifed from this f.-sfiv acid composition .oRrecs vrith the 
tabulate,! iodine value vhirii irns rce.asur.M direetlv on "the mired fat crtraeled 
from the entire dirt. 
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■was no significant diffei'ence between the effects of olive oil 
and those of cottonseed oil hut the low-fat diet was more 
effective than the other experimental diets in lowering the 
serum cholesterol concentration from the “House Diet” level, 
particularly in the second low-fat diet period. Unfortunately, 
there was poor agreement between the two low-fat periods 
and the variability of the individuals was great. Nevertheless, 
by using aU the observed cholesterol values on olive oil and 
cottonseed oil and comparing them with the values on the 


TABLE 3 

Experu7ient C^ Mean scrum total cholesterol coitcentrations at the ends of the 
experimental diet periods, together with the average fat intakes 


DIET 

FAT IST/lKX 

CHOLESTEKOr. 


gm/day 

^0 Cal. 

mg 9o 

“House,” mean 

144.6 

40.9 

229.4 9.8 = 

Low-fat, mean 

28.4 

9.5 

198.2 dt 7.0 

Olive oil 

80.7 

25.2 

213.6 rb 9.1 

Cottonseed oil 

79.6 

25.1 

208.8 10.2 


^The 16 men uvere divided into tvro groups (A and B) of 8 each. Dietary periods 
"were 4 weeks and the sequence was for group A : ' ^ House Diet, ^ ^ low-fat, olive oil, 
cottonseed oil, low-fat and ‘‘House Diet,” and for group B: ‘‘House Diet,” low- 
fat, cottonseed, olive, low-fat and “House Diet.” 

’ Mean and standard error of the mean. 

two low-fat diets statistical analysis of the individual differ- 
ences indicated that the cholesterol concentration on the 
oil diets was significantly higher than that in the low-fat 
periods at the 0.05 probability level. The experience of ex- 
periment C enabled us to achieve much better control and 
standardization of the men and their diets in the subsequent 
experiments (F, H and J). 

Final computation of the calorie values of the foods actually 
eaten on the several diets showed average values of 2883 and 
2SG2Cal. on the olive and cottonseed oil diets and a lower 
average of 2G61 Cal. on the low-fat diet. The average body 
weight change during 4 weeks on the olive oil diet was -f 0.4 
kg and on the cottonseed oil diet it was — 0.2 kg; during the 
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corn oil diet produced an even greater decrease. Further 
it is apparent that the values on corn oil are significantly 
lower than those on both the low-fat and the cottonseed oil 
diets. Finally, the cholesterol values on the hydrogenated 
coconut oil diet were significantly higher than those on the 
“House Diet.” 

Experiment J, inchiding sunfloiver and sardine oils. The 
design of experiment J is shoum in table 9 together with the 

TABI.E 9 

I^xperimcnt J design 

(Groups W and X contained 7 men each; groups Y and Z, 6 men each. Each 
dietary period consisted of tivo -weeks and the parentheses in the table enclose the 
average values, in grams per day, of total fats, and the part of the fats composed 
of polyethenoid fatty acids for the several dietary periods. The last line gives the 
average daily calorie consumption for the entire experimntal period for each of 
the 4: groups.) 


PERIOD 


GROUP 


W 

X 

T 

z 

1 

^ ‘ House * * 

‘ ‘ House * ’ 

* ‘House” 

‘ ‘ House ’ ’ 


(156, 11) 

(159, 11) 

(151, 10) 

(153, 10) 

2 

Low-fat 

Lo-w-fat 

Butter 

Butter 


(39. 3) 

(39, 3) 

(130, 6) 

(132, 6) 


Butter 

Butter 

Butter 

Butter 


(13S, 6) 

(136, 6) 

(122, 6) 

(127, 6) 

4 

Olive 

Corn 

Olive 

Cottonseed 


(HO, 10) 

(139, 5S) 

(132, 10) 

(128, 49) 

5 

Com 

Olive 

Cottonseed 

Olive 


(HO, 59) 

(139, 10) 

(128, 50) 

(127, 10) 

6 

Corn 

Sunflower 

Com 

Sardine 


(141, 59) 

(139, 10) 

(128, 56) 

(334, 55) 

7 

Sunflower 

Corn 

Sardine 

Com 


(141, G4) 

(135, 56) 

(120, 52) 

(131, 54) 

S 

Butter 

Butter 

Butter 

Butter 


(H2, 0) 

(13S, 6) 

(130, 5) 

(127, 5) 

0 


House’’ 

“IIouFe” 

” House” 


(156, 11) 

(L'9» 11) 

(131, 10) 

(153. 10) 

All periods 

nnio Cal. 

3370 CaL 

9230 C.il. 

Cal. 
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of the other diets. Note that tu-o months between period 2 
and pei’iod 3 were occupied by subsistence on constant diets 
but were complicated by pharmacological trials (entirely nega- 
tive in effect) which accounts for the long interval between 
the early periods. 

The sunflower seed oil diet was tested with groups W and 
X whereas tests with the cottonseed oil and sardine oil diets 
were made with groups Y and Z, so the question arises about 

TABLE 1 1 

tScruvi choUsteroJ differences in experiment J 

(Experimental variable approximately 100 gm of fat. Cholesterol difference 
(mg/100 ml) computed by subtracting the value on the second diet from that on 
the first. Group 'WX included 14 men and group YZ 12 men.) 


DIET COSrrAElSON 

CHOLESTEROL DIFFEREXCES (HG/lOO ML) S.E. 

Group tVX 

Group TZ 

Butterfat 

7ninu5 Olive 

4- 35.6 i: 4,7 

-f 29.3 i: 4.3 

Butt erf at 

minus Com 

-f G2.8 li: 3.5 

4“ 59.5 5.7 

* Olive 

minus Corn 

-f 27.2 3.6 


Cottonseed 

minus Corn 


4- 24.0 zi: 5.6 

^ Sardine 

-minus Com 


4- 20.1 3.8 

' Sunflower 

minus Com 

-f 9.3 2.8 


Butterfat 

minus House 

4- 3.6 ± 3.8 

— 0.9 4.4 

Butterfat 

minus Low-fat 

3S.8 :± 6.1 


’ Olivo 

minus Sardine 


4- 10.1 r: 4.6 

' Olive 

minus Cottonseed 


4~ 6.2 ±: 0.2 


' Crossover experiments where half the men were maintained on one diet in 
parallel vnWi the other half of the men on the comparison diet and the diets were 
reversed in the subsequent period. 


quantitative cross eonqiarisons between those two sets of 
groups. Tliis is answered by observing the differences in 
groups W and X vs. Y and Z between the cbolesterol values 
on the bnttorfat diet (means of periods ^ and S) and the values 
on the other diets common to all groups, that is the olive oil 
and corn oil diets. These comparisons are given in the first 
two lines of table 11. Groiqis X and Y, Z, e.vhi]>itod reason- 
able consistency in their responses to the same dietarv dif- 
ferences. 
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of men. Finally, tlie corn oil diet "was fonnd in a class by 
itself yielding tlie lo'vvest sernni cbolesterol Talne of all tbe 
diets. 

Beta lipoprotein cholesterol changes. Normally, about tbree- 
fonrtbs of tbe total sernm cbolesterol is found in tbe beta 
bpoprotein fraction. In these dietary experiments changes 
in tbe beta bpoprotein cbolesterol ^rere paraUel to those in 
tbe total sernm cbolesterol in every dietary change. As is 
shown in table 12 tbe changes in tbe cbolesterol in tbe beta 
lipoprotein fraction appear to acconnt for tbe total cbolesterol 
change. 

In every ease tbe change in blood sernm cbolesterol pro- 
duced by changing tbe dietary fat was almost entirely ac- 
counted for by tbe change in tbe beta lipoprotein fraction. 

DISCUSSION 

Tbe present results confirm and extend many reports that 
tbe fat content of tbe diet plays a central role in tbe regulation 
of tbe serum cbolesterol level in man. It is now well known 
that a sharp reduction in tbe fat content of an ordinary Ameri- 
can diet generally produces a prompt fall in tbe serum cbol- 
esterol concentration. In America, of course, a low-fat diet 
means primarily a diet reduced in meat fats and butterfat, 
since these relatively saturated food fats are most abundant 
in our ordinary diet. Under these conditions tbe cbolesterol 
response tends to be more or less directly proportional to tbe 
degree of fat restriction so that on diets extremely low in 
fat, such as tbe rice-fruit diet, the fall in two or three weeks 
may amount to 30% or more of tbe cbolesterol level on the 
uni'estricted diet (Keys et al., ’50). 

The first experiment in tbe present series (experiment “C.” 
started in 1952), demonstrated tbe serum cholesterol deereaso 
on a low-fat diet and. further, showed that the isocaloric sub- 
stitution of 50 gm daily of either olive oil or cottonseed oil 
for carbohydrate in such a low-fat diet produces an increase 
in the serum cholesterol concentration. However, t hi ^ increa^G 
did not bring the level up to that charactoristie of sub«i=tonco 
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It DOW appears that iDDch of the effect of corn oil caDnot 
be explained on the basis of these theories about the effects 
of the fatty acids. We have shown that change from a corn 
oil diet to snnflower seed oil, which is still more nnsatnrated 
and richer in hnoleic acid (see table 2), produces a rise in 
serum cholesterol in man and a stid greater rise results from 
changing from corn oil to sardine oil with an iodine number 
of 188 (Keys, Anderson and Grande, ’57). The peculiarity 
of corn oil is evident in the present results in experiments H 
and J. 

In cholesterol-fed rabbits, corn oil depresses the serum 
cholesterol more than a “synthetic corn oil” of the same 
fatty acid composition and crude corn germ has a much 
greater effect (Jones et ah, ’56). However, the extrapolation 
of these results to man is dangerous in view of the obviously 
great differences between species in cholesterol metabolism. 
Ill rats, the effects of different fats on the serum cholesterol 
level seem to be very different from anything yet suggested 
about man (Swell et ah, ’55; Grunbaum et ah, ’57). 

It seems probable that at least three factors are involved 
in the cholesterol responses to the diets in these several sets 
of experiments ; saturated fatty acids, di-etheiioid fatty acids, 
and factor “X” in corn germ and crude corn oil. Nothing 
has been said so far about the mono-ethenoid fatty acids, 
particularly oleic acid which is perhaps the most abundant 
of all fatty acids in the foods of the world, and it cannot be 
guaranteed from present information that these are com- 
pletely without effect. Finally, it is questionable whether 
chain length of the fatty acids and the phosphatides in food 
fats can bo ignored entirely. 

Comparisons of the present findings with other results 
reported in the literature on serum cholesterol and the diet 
in cxporiinents on man is difficult in most cases because of 
differences in the diet other than in fats, differences in total 
fat level or lack of detailed specifications as to kinds of fats 
in the diet. It should be omphasized especially that the present 
experiments involved diets of ordinary foods prepared bv 
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observed in those experiments and, in any case, the protein 
intake in the present experiments "was constant in the range 
of about 90 to 100 gm daily. 

The carbohydrate intake vas constant in amount and kind, 
"within each of the experiments reported here in the com- 
parisons between the various fats. However, the low-fat diets 
"Were, necessarily, higher in carbohydrate than the other 
diets. Considering this point only it would be possible to 
suggest that the low cholesterol values obtained on the low-fat 
diets may reflect either the removal of the cholesterol-increas- 
ing action of the fats or the addition of a cholesterol-de- 
pressing action of carbohydrate. The point may be academic 
since we are concerned here "wdth the situation in calorie 
equilibrium and it is not possible to maintain this when the 
fat level is changed without making a corresponding change 
in the opposite direction in the carbohydrate intake. 

Some of the most striking results in the literature are 
the cholesterol decreases obtained nuth com oil but the diets 
were of the formula type and the oil was given in extremely 
large amounts (Kinsell et al., ’.52, ’53, ’54). In monkeys, 
on the other hand, a diet containing 45% of calories as 
corn oil produced a higher serum cholesterol level than the 
same diet with 10% of calories as corn oil (Portman, Stare 
and Bruno, ’56). 

ifayer ot al. ( ’54) observed ivcronsos in serum cholesterol 
in human sub.ieets when 70 gm of peanut oil, corn oil or 
vegetable oil margarine were added daily for one week to 
an ordinary American tyie diet, but no differentiation was 
made between these vegetable fats. Subsequently they re- 
ported a cholesterol fall on a mixture of corn oil and vegetable 
margarine (Beveridge ot ah. ’55). The same group has 
recently demonstrated a ma.ior dilterence in effect on serum 
cholesterol between corn oil. on the one hand, and various 
animal fats on the other, when the experimental fat comprised 
60''^ of the total calories (Beveridge, ronnell and Mayor. ’56). 
The greatest cholesterol increasing effect was observed on 
bntterfat and further, they obser\'ed that the addition of 
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U. S. diet) level. Fifty grams daily of olive oil or cottonseed 
oil introduced into tlie low-fat diets also produced a signifi- 
cant fall but less marked tban tbe low-fat diet alone. 

4. At 50 gm daily of experimental fat, there was no sig- 
nificant difference between olive oil and cottonseed oil in the 
cholesterol response. Cottonseed oil at 100 gm daily pro- 
duced a slightly lower cholesterol concentration than did olive 
oil fed at the same level. The basic low-fat diet also tended 
to produce a lower cholesterol concentration than 100 gm of 
olive oil daily. A much more marked depression of serum 
cholesterol concentration was produced by 100 gm daily of 
corn oil. Sunflower seed oil and sardine oil also produced 
significant cholesterol concentration depressions but were 
less effective than corn oil. Coconut oil, 100 gm daily, pro- 
duced no significant change in the serum cholesterol compared 
with the control diet with the same total fat supplied in mixed 
form. The sermn cholesterol values on 100 gm of butterfat 
daily Avere someAvhat higher than on the control diet equal 
in total fat content. 

5. The changes in the total cholesterol concentration were 
accounted for, within the limits of error, by the cholesterol 
in the beta lipoprotein fraction. 

6. The serum cholesterol responses to the various fats 

corresponded roughly to the principle that saturated fats 
pi'oinote higher cholesterol levels than polyunsaturated fats 
but neither degree of saturation (iodine value) nor content 
of linoleic acid fully explained the results. Coconut oil is less 
cholesterol-promoting than would be predicted from the theo- 
ries that degree of saturation or the content of essential fattv 
acids is the controlling factor. Sardine oil is considerablv 
less cholesterol-depressing tban would be expected if desre'e 
of unsatuvation is the ina.ior factor. And corn oil caused 
greater depression of scrum cholesterol than would be nv- 
pected from either the essential fatty acid or the degree of 
nusnUiration thoorio?. ^ 
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INTEODUCTION 


Even tliougli pellagra has ceased to be a serious problem in 
tbe United States, it is still endemic in certain maize-consnm- 
ing countries of tbe world sncb as Egypt and Yugoslavia. 
Altbougb tbe primary cause of pellagra is niacin deficiency 
tbe pathogenesis is not simple. For example, cereal diets 
based largely on rice may contain considerably less niacin 
than do many maize diets but tbeir consumption does not 
produce pellagra. Of particular interest is tbe fact that in 
Mexico and in tbe Central American countries where maize 
is consumed largely in tbe form of tortilla, there is a low 
incidence of pellagra. Whether this is due to tbe coincident 
ingestion of other foods of relatively high biological value 
or to some nutritional improvement of the maize durin!? prepa- 
ration of tortilla has not been definitely established." In the 
only human feeding trials brought to boar on this problem 
to date, Goldsmith ot al. (*56) reported that women developed 
niacin deficiency whether whole maize or lime-treated maize 
was consumed. Unfortunately, in these diets only about 20G) 
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stantiates the fiDdings of other vrorkers in. that lime-treated 
maize was found to be superior to raw maize as a supplement 
to a 9% easeiu diet in the rat. However, data are also pre- 
sented showing that boiling maize without the addition of 
lime appreciably enhances its nutritive value. Data con- 
cerning amino acid and niacin analyses of the maize products 
are presented and are related to the current theories regard- 
ing the pellagragenic action of maize. 


EXPEHIilEKTAL 


Female albino Spragne-Dawley weanling rats were placed 
singly at random into metal screen-bottom cages, divided into 
groups of various sizes depending upon the particular experi- 
ment, and fed a diet of the following basal composition: 
sucrose 81.8% ; cottonseed oil, 5% ; casein, 9% ; HMW salts,^ 
4.0%; ij-cystine, 0.2%. This was supplemented by the fol- 
lowing amounts of vitamins in milligrams per 100 gm of diet : 
thiamine hydrochloride, 0.2 ; riboflavin, 0.3 ; pyridoxine, 0.25 ; 
Ca pantothenate, 2.0 ; choline chloride, 100 ; inositol, 10 ; biotin, 
0.01; and pteroylglutamic acid, 0.02. Halibut liver oil, forti- 
fied with vitamins E and K and diluted with maize oil was 
added to the daily ration once each week to provide the 
following daily intakes; vitamin A, 400I.Tj. ; vitamin D, 4 
I.IJ. ; 2-methyl-l, 4-naphthoquinone, 0.06 mg, and alpha-toco- 
pherol, 0.7 mg. 

Dietary supplements were given as indicated in table 1. 
All supplementation of the basal diet was made at the ex- 
pense of sucrose. 

Maize was treated with lime by simmering 2 kg of the 
whole grain in 4 liters of 1% CaO until the maize was con- 
sidered soft enough for grinding. This required 3 to 4 hours, 
a period of time in excess of that used by Cravioto et al. ( M5). 
The mixture was then cooled, adjusted to pH 7.0 with con- 
centrated IIsPO,. the supernatant liquid decanted, and the 
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perimental diets. The collected supernatant vras similarly 
dried and gronnd to a povrder and is referred to as ‘‘dried” 
extract in table 1. 

Boiled maize Avas prepared in the same manner as lime- 
treated maize except that it was simmered for 3 to 4 hours in 
tap water. After cooling, a neutral mixture of CaO and 
H3PO4 was added. The wet maize was dried and gi*ound as 
indicated for the lime-treated maize. 

The niacin and tryptophan contents of raw maize, boiled 
maize, limed maize, and limed-maize extract, were determined 
microbiologically using L. arahinosus as the assay organism. 
For “total” niacin assay 0.5 gm of each sample was hydro- 
lyzed for 30 minutes with 1 N H2S04. "Water extracts of the 
maize products were prepared by autoclaving 0.5 gm in dis- 
tilled water for 30 minutes or by extracting it by stirring 
for half an hour in a large volume of water at room tempera- 
ture. The methods used in the paper chromatographic studies 
of niacin will be described in conjunction vriih the results 
of the studies. Samples for assay of “total” tryptophan 
were hydrolyzed according to the method of Greene and Black 
(’44) and extracts were prepared for assay of “free” tiyp- 
toidian by hot water extraction as noted above. Assays were 
read either turbidimetrically or titrimetrically depending on 
the particular experiment. The two methods of measurement 
gave comparable results. 


Commercially prepared assay media were employed for 
the detei'mination of leucine, methionine, lysine, isoleucine 
cystine, and phenylalanine using Leuconostoc mesenteroides 
ATCC ISO'12 as the test organism. Streptococcus fnecalis 
20-21, and Lactohacilhis arahinosus ATCC 8014 were used 
for the assay of threonine and histidine respectively according- 
to the procedure of Stokes ot al. (’45). * 


The maize samples were prepared for amino acid as«;ar as 
follows: ~0.5gm of sample was accuratelv wei-lmd and 
I'l.iocil into n snmll ampule u ifh o ml ot lor<. HCI. The amoule 
uae ,1,™ evacuate^ l.y ueo of a toMor pump a.u, se‘ St 
a llauto. After autoelavtuu for 10 hoars at 15 lbs. pressure 
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somewhat better growth, both boiled maize and limed maize 
have identical protein efficiency ratios. This indicates that 
boiling per se is snfficient to enhance the biological valne of 
maize and that the apparent role of lime has been overempha- 
sized through failure to employ cooked rather than raw maize 
as the standard of reference. 

A dried extract of limed maize was fed in combination 
with limed maize in one experiment. There was no difference 
in the growth obtained when compared to that of limed maize 
alone. When the 9% basal diet was supplemented with this 
extract growth was somewhat enhanced. This was probably 
due to the niacin and tryptophan supplied by the extract. This 
evidence fails to support the hypothesis of a “toxic factor” 
in the limed maize. The results could be interpreted to indi- 
cate that if any toxic factor is present it is destroyed rather 
than extracted. 

Niacin supplementation of the basal diet and of that con- 
taining raw maize enhanced both growth and protein effi- 
ciency ratios. Niacin supplementation of boiled or limed 
maize diets did not appreciably improve growth or pro- 
tein efficiency ratios. Tryptophan supplementation enhances 
growth on all diets, but again protein-efficiency values were 
increased only on the basal and raw maize diets. In general, 
supplementation with both niacin and tiyptophan did not 
improve growth or protein efficiency ratios above those ob- 
tained on either nutrient alone. 

Chromafofjraphic siticUcs. The poor growth obtained with 
raw maize can bo readily corrected with niacin or tryptophan 
whereas these nutrients do not appreciably improve the crowth 
obtained with limed maize or boiled maize. For this reason it 
ap])eared as if niacin, tryptophan or both of these nutrients 
might be more available from the latter products. Accori 
ingly. microbiological analyses for niacin ami trvptophan 
were performed. ' ^ 


Tnw.. 2 detail, the partitio,, of total, tv.alor otctracl.aMo 
an. I non-nalor oMiaclal.lo n.acn. and tryptophan in the varl 
on, ,t„.tary ,„,,ptc.,„ont, ,„„liod. TIto tol.nl tryptopl.an cont'ont' 
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It is evident from figure 1 that tlie vrater extractafile niacin 
activity present in boiled and limed maize occurs exclusively 
as niacin but that a small part of the niacin activity of rav 
maize is present in a form tbat does not move from tbe origin 
of tbe cbromatogram. 

After these initial analyses bad been completed tbe publica- 
tion of Kodiceb et al. ( ’56) came to our attention in vrbicb 
cbromatograpbic evidence vas presented indicating tbat maize 
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Fig, 1 Paper chromatograms of room temperature water extracts of maize, 
limed maize, and boiled maize. Solvent: n-butanol saturated with water. Areas 
of microbiological activity arc enclosed by the broken lines. 1, raw maize; 2, limed 
maize; 3, boiled maize; 4, niacin; 5, niacin -i- niacinamide. 


contained no free niacin. On tbis account it vras deemed ad- 
visable to repeat our own work and attempt to duplicate tbat 
of Kodicek. 

Accordingly, .5 gm of ground maize was refluxed for one 
hour on a water batb with 20 ml of SOfo (v/v) metbanol tbat 
was 0.1 N in HCl. After centrifugation and removal of tbe 
supernatant the residue was re-extracted once with 20 ml and 
twice with 10 ml of tbe same solvent. The combined* e.vtracts 
wore then evaporated to half tboir volume (30 ml) on a c^tkm 
talh. Instead of nsing: ion-oxctiangc resin at this pobt to 
romovo HCl as svas done In- Kodicek et al., tlie evapora im 




COOKED VS, EAW MAIZE 


455 


After alkaline hydrolysis (fig, 2 A, 3 and 4) the areas of 
microbiological activity coincided vith the CNBr reactive 
areas. "WTien authentic niacin \vas added to this mixture 
before chromatography no additional spots were detected. 
A mixture of niacin and niacinamide (fig. 2 A, 5) also gave 
coincident results. These findings, then, confirm those of 
Kodicek et al. (’56) and, in addition, demonstrate the absence 




Fig. 2 Paper chromatograms of (A) SO^c methanol-HCl cstract of and 

(B) \Tatcr extract of maize. Solvent; n-butanol saturated with water. Areas giving 
the cyanogen-bromide reaction are enclosed by solid lines. Arc.as of microbiological 
.activity arc enclosed by the broken lines. 1, unhydrolyzed extract; 2, unhvdro- 
lyzcd extract -f niacin; 3, alkali-hydrolyzed extract: 4, alkali hydrolyzed ex- 
tract 4" niacin; 5, niacin niacinamide, 1 each. 


of microbiologically available niacin in a methanol-HCI e.v- 
tract of maize. 


Tlio cbvomatograpbic patterns obtained usint; a water ex 
tract of maize contrast sharply with those obtained with tlie' 
mothanol-HCl extract. Figure 2B (samples 1 and 2) .how. 
bat free macin was detected by both the chemical and micro’ 
biological tocbmqnos. lu addition, “bound- niacin wa. al.o 
,1,0 nml ..1,11,1,0,1 oli„|„ 
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TABLE 3 

Niacin partition in water extracts of maize determined hp microl?iological 
assay of paper chromaio grams 


KIACIX COZTTEXT 
;tG/0,5 Ml, EXTRACT 


SAMPIiE 

CBnOM ATO GU AP HUD 

Method of 
assay 

“Bound” 

Rf 

Free 

Rf 

rc 

Bound 

Pre- 

dicted 

total 

content 

(Tube 

assay) 

(Re- 

covery 

total) 

(1) HjO Extract 

Aseptic 

0.201 

0 

0.298 

0.32 


0.515 

104' 

(2) HjO Extract: 

NaOH treated 

Aseptic 

0.242 

0 

0.263 

0.33 

48 

0.515 

98 

(3) HjO Extract 

Non-aseptic 

0.030 

0 

0.343 

0.44 


0.515 

97 

(4) HjO Extract: 

NaOH treated 

Xon-aseptic 

0.157 

0 

0.374 

0.37 

29.6 

0.515 

103 


'Total recover7 calculated using ‘'bound’’ niacin content obtained on KaOH- 
treated extract, and the predicted total content determined by tube assay of an 
KaOH-treated extract. 


TABLE 4 

partition in water extracts of maize as determined hy 
non-aseptic microhioJogicaX essay 




XIACIX CONTENT 


SAMrUr ASSAYED 

(A) 

Ko 

treatment 

(B) 

Hydrolysis ' 
with 

XaOH or 
HsSO* 

(B-A) 

Bound 

niacin 

Bound 

niacin 

HjO extract of maire: 

fLO/Sm 



rc 

4 hour at room temperature 

C.76 

1S.3G 

11.60 

C3.2 

H.O extract of maitc: 

10 hours at room temperature 

14.22 

20,33 

CM 

26J1 

IT.O extract of mairc: 

Soxhlet extracted for 15 hours 

2S.C2 

20.07 

0.45 

1.5 


presented hero as an nrcrago. 


y^OTC so Ehailar that they are 
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The most logical explanation for the lack of quantitative 
niacin extraction is that the starchier components of the grain 
are easily extracted whereas the more fibrous portions of 
the grain and the oily germ are not. Since exhaustive Soxhlet 
extraction removes the niacin quantitatively it is probable 
that the partition of niacin in the fraction that is not ex- 
tracted at room temperature is identical with that that is. 

These results demonstrate that the apparent forms of niacin 
present in maize vary according to the method of extraction. 
Although our results indicate that “bound” niacin represents 
from 30 to 60% of the niacin activity of maize, it is probable 
that only “bound” niacin is present in maize — this being 
readdy converted to the free form in aqueous solution. Addi- 
tional evidence for this belief is that only “bound” niacin can 
be detected in methanol • HCl extracts. The rapid conversion 
of the “bound” to the free form in water explains our finding 
that boded maize is as effective as limed maize in supporting 
the growth of rats. In essence, our findings lend considerable 
support to the claim of Kodicek et al. that the effectiveness 
of lime treatment of maize in curing a niacin deficiency de- 
pends upon the degree of hydrolysis of the “bound” form 
of niacin. 

Amino acid analyses. Massieu et al. (’49) reported that 
considerable loss of amino acids occurred during the prepa- 
ration of tortilla and Cravioto and co-workers ( ’52) suggested 
that this might result in an improved amino acid balance. 
Since imbalances of certain amino acids have been demon- 


strated to produce niacin deficiency in rats fed low-protein 
diets (Koeppe and Henderson, ’55) it was considered perti- 
nent to study this possibility. 

The tryptophan loss during the cooking process proved 
to vary considerably from batch to batch (tables 2 and 5). 
The very low tryptophan content of maize contributes to this' 
variability in that relatively small quantitative differences 
assume large proportions when calculated on a percentage 
Wis. Co.j^s<.qm.ntly. ur atlach ,.o particular si-nificapcc to 
1IU5 lack of asrcomoul and fed tlial the supcriorflv of cooked 
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The large loss of threonine reported by the Mexican workers 
conld not be confirmed in our study. However, because of the 
findings of Koeppe and Henderson (’55) that the addition 
of threonine to a low-tryptophan diet can produce a niacin 
deficiency in the rat, a study was made of the effects of the 
addition of threonine to the cooked maize diets. The results 
indicated that threonine was without effect which dispelled 
the possibility that a cooking loss of threonine might have 
effectively lowered the niacin requirement. It might be added 
that a similar study of lysine supplementation of the cooked 
products was also without effect. Very little hydrolysis, if 
any, took place during the cooking process ; practically no free 
amino acids could be detected in the cooked products. Pre- 
sumably, the small measurable quantities found in the raw 
maize are lost in the cooking water. 

The fact that no gross changes in amino acid content were 
observed plus the finding that supplementation with the two 
amino acids deemed most likely to influence the niacin require- 
ment was ineffectual, detracts considerably from the “amino 
acid imbalance concept” proposed by Cravioto et al. (’52). 
Although reduced digestibility of the cooked product with 
the preferential excretion of a grossly imbalanced protein 
fraction (such as zein) could conceivably improve the balance 
in the intact animal, satisfactory experimental evidence has 
not been obtained for this belief. Consequently, it is concluded 
that the superiority of cooked maize to raw maize in the 9% 
casein diet of the rat is due to the liberation of free niacin 
from the noi*mally unavailable “bound” form during the 
cooking process. The chemical nature of this “bound” niacin 
has not been cloterrainecl. 


SUMMARY 


Data have been presented confirming reports in the litera- 
ture that limed maize permits more rapid growth of rals 
than does raw maize when added to a 9^- cas'oin, niacin-free 
diet. The finding that boiled maize was equivalent in this 
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The most widely used method for testing the adequacy of 
protein in baby pig diets has been to compare the responses of 
the pigs fed different kinds and amounts of protein in terms 
of efficiency of feed utilization, and the magnitude of weight 
gain during periods of uninterrupted growth. However, this 
method has been criticized on the grounds of sensitivity. 
It appeared, therefore, that there is need for a more sensitive 
method that would allow the detection of smaller differences 
in responses both between sources of protein and between 
levels of protein. 

There arc several methods that have been used for this 
purpose. Those methods include the protein efficiency method 
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shavings vrere used for bedding and the pens "were cleaned 
daily. Thermostats were set to hold the temperatnxe of the 
rooms at 18 and 21° C. for experiments 692 and 699, respec- 
tively. 

Rations. In both experiments a 24fo protein prestarter 
ration (I.S.C. Pre-starter “75,” Speer et ah, ’54) was fed 

TABLE 1 


Composition of 1)0301 rations 


IKGP.EDIXST 

PEOTEIX'FF.EE 

UEPUETIOS 

ration 

207 c-pnoTi;ix 
REPLETION 
BASAL P..4TION 

12':7*PEOTErN 
REPLETION 
BASAL RATION 


lbs. 

lbs. 

lbs. 

Dried skimmilk (lowdieat, 




spray-dried) 


58.80 

35.30 

Sucrose 

10.00 

10.00 

10.00 

Lactose 

78.02 

20.17 

42.29 

Lard (stabilized) 

2.50 

4.70 

4.S2 

Dicalcium phosphate 

4.70 

1.50 

2.76 

Calcium carbonate 

0.30 

0.35 

0.35 

Trace mineral mixture * 

1.63 

1.63 

1.63 

IVood flock * 

2.00 

2.00 

2.00 

Iodized salt 

0.50 

0.50 

0.50 

Vitamin-antibiotic premix * 

0.35 

0.35 

0.35 


* Contributed the foUoiving minerals in p.p.m.: Fe, 3G2.o; Cu, 7.6; Co, 3.1; 
Zn, 32.4; Mn, 101,5; K, 3979.0; I, 0.4. 

® Mnnnfactiired by Brown Company^ 110 South Dearhorn, Ciiicago, Illinois. 

’ Each pound of complete ration contained at least the following amounts of 
vitamins and antibiotics: vit. A, 5000 I.U.; vit. D;, 1000 I.U,; riboflavin, 5.0 mg; 
pantothenic acid, 10 mg; niacin, 30 mg; choline chloride, 450 mg; ascorbic acid, 
300 mg; a-tocophcryl acetate, 10 mg; biotin, 20.0 ^ig; folic acid, 9 Mg; inositol, 
250 mg; Menadione, 3.0 mg; PABA, S.O mg; pyridoxine HCl, 1.2 mg; thiamine -HCl, 
5.0 mg; vit. B,;, 20.0^1?; chlortctracycUnc, 15.0 mg; oxytetnacyclinc. 35.0 mg; 
ponieilHn, 10.0 mg; bacitracin, 10.0 mg, 

to the pigs for a pre-ex])orimGntal period of one week. All 
rations were fed in the meal form. Feed consumption was 
delcnnined weekly and tljo feeders were meticulously cleaned 
between the pvc-oxperimcntal, the protein-depletion and the 
protein-repletion periods. 

In e.xpcriment 692 a single cycle of a one-week depletion and 
a ono-wook repletion was employed; in experiment 699 *the 
pigs were carried throtigli three such cycles in sncce^sion 
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EESULTS AND DISCUSSION 
Experimeilt 692 

A STiiomary of tlie effect of protein depletion and protein 
repletion on gains and feed efficiencies of baby pigs is pre- 
sented in table 2. 

Gain. During the one-ireek protein-depletion period, tbe 
pigs lost approximately 0.3 to 0.5 lb. of body ^reigM per pig. 
Depletion starting weight did not appear to influence the 
amount of weight lost during the depletion period. During 


TABLE 2 

JExp, G$2. Summary of the effect of protein depiction and repletion on gains 
and feed cipciences of hahy pigs 



r.VTIOK tf.e.%tmekt 

ITEMS 

Dried 

jikimmiV.: 

50^c 
Soybean 
oil meal 

50 Tc 

Soybean oil 
irif'al - 0.1 
DErniLthionine 


Ibs./pi^ 

lbs,/fi(r 

Jbs./piy 

Depletion starting weight 

9.8* 

9.9 

9.4 

Depletion final weight 

9.3 

9,5 

9.1 

Depletion loss 

0.50 

0.37 

0.31 

Depletion final weight 

34.2 

32.9 

12.4 

Depict ion gain* 

4.9 

3.3 

3.2 

Depletion feed/gain 

1.51 

3.S4 

1.69 

* Values arc averages of 4 pigs 

• The experinientnl error mean 

per treatment. 
^f]llares for repletion 

gain am 

I f<X'd /pound gain 


'vvcro 0.7 GIO niid 0.1 8S7, re.«T»e ctivtly. 


the ono-weck repletion period, those pigs repleted nuth the 
dried skimmilk diet gained approximately 1.6 lbs. more per 
pig than those fed the diets in which soybean oil meal was used 
as the source of protein. Supplementation of the soybean oil 
meal diets with O.lCi of nminethionine did not improve mains. 
Statistical analysis of the gain data did not reveal anv sig- 
nificant diffei-ences with the rejdications and degrees of free- 
dom available in this experiment. 

FrnJ prr potni'I of pain. As expected from the gain data 
it required loss feed to produce a pound of repletion^aain with 


ed shummlk than wnh soybean oil meal ration. Supple- 
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pigs fed 12% protein. Ho^vever, the pigs on 16% protein 
failed to gain as rapidly as those on 14% protein. In vievr of 
the superiority of 20% protein over 18% protein for repleting 
protein-depleted pigs, one vould expect 16% protein to replete 
the pigs as well or better than the 14% protein ration. Kjeldahl 
nitrogen determinations on the rations left no doubt in the 
authors’ opinion that the pigs did receive their proper rations. 

Examination of the growth cuiwes (fig. 1) and the gain 
data in table 3 reveal that the average initial weight of the 



Kijxurt". iw ehnrt iralirntr jx'rc/’ntnjro of prot*- 
pVippUiM hy 


n in t!,P rnlion. Tlie protein was 
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low for all levels of protein. The pigs repleted with 12% 
protein required the most feed, 1.71 lbs. per ponnd of gain. 
The value of 1.18 lbs. for the pigs fed 20% protein was the 
least amount of feed required per pound of gain. Statistical 
analysis of the data revealed that the linear and quadratic 
regression components of the protein level effects were sta- 
tistically significant. This parabolic curvature in the response 
to protein level is largely the result of the high value of 1.71 
lbs. of feed required per pound of gain for the 12% protein 
ration, since the values for the other levels were relatively 
similar. 

It is realized that a direct comparison of the depletion- 
repletion technique ^vith uninterrupted feeding is needed to 
evaluate the reliability or validity of the results obtained in 
this manner. However, the low variability of response ob- 
tained in these experiments as compared to similar uninter- 
rupted feeding trials indicates that this type of experiment 
may prove useful in future work of this nature. 

SUiTUARY 

Sixty baby pigs were used in two experiments where the 
protein depletion-repletion technique was employed to measure 
the effectiveness of three different sources and 6 different 
levels of protein in promoting growth. 

In the first experiment, the pigs that were protein repleted 
with dried skimmilk diets showed greater repletion gains on 
loss feed per pound of repletion gain than those repleted 
with soybean oil meal diets with or without 0.1% of nn-methi- 
onino. There was little difference in the repletion trains or 
in feed utilization by the pigs fed the two soybean oil meal 
diets. Loss of the methionine supplemented ration was re- 
quired to produce a pound of gain, however this difference 
was not statistically significniit. 

When G levels of protein wore tested usimr dried skimmilk 
the source of protein, the greatest gains wore made bv 
the pig, repleted with 22% protein whereas the Ica«t mains 
were umde by the pigs repleted with 12% protein. Stnti^ical 
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In tlie first paper of this series, it vras reported by Peo et 
al. (’57) that tlie greatest repletion gains vrere made by pigs 
fed 22% protein, the highest level fed. Therefore, it v'onld 
appear that this level, or perhaps even a higher level of protein, 
is necessary to obtain maxhnnm repletion gains. It ivas the 
purpose of this experiment, therefore, to establish the min- 
imum level of protein (employing dried sldmmilk as the 
source of protein) for maximum response from protein- 
depleted baby pigs. 

Although the repletion gain was accepted as a good criterion 
of response, it ivas considered that other criteria might be 
more sensitive. Thus, it was also the purpose of this experi- 
ment to determine the effect of protein depletion and repletion 
on (he alburain/globulin ratio and on other blood components 
of the blood scrum of baby pigs. 


’.lourunl jmi’cr no. .1-3113 of the lown .\f:ricuUur.ol Experiment -St-ifion, Amc?, 
Iotvn« no. 05P. 
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xvliicli ^lartinllv Mijiportctl tlti? Tesf'tirch. 

‘l'ro..ent address; Department of Animal Hu.-bandry, Universitv of Nebraska 
lAnrohi. 
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of protein that conld he obtained mth dried sldinmilk as the 
sole source of protein and ’\vith the other ration components 
(and levels of each) used. 

Blood. The pigs were bled by the heart pnnctnre techniqne 
at the end of the preliminaiy, the depletion, and the repletion 
periods, A 5-ml syringe equipped with a number 19 needle 
was used to obtain a blood sample from each pig. The needles 
were autoclaved and the syringes were scrupulously cleaned 
after each bleeding period. Immediately after the blood was 
drawn from the pig, a portion was allocated (in a citrated 
tube) for hemoglobin, hematocrit and red and white blood 
cell determinations. The remainder of the blood was allowed 
to clot and then centrifuged at 1500 revolutions per minute for 
15 minutes. After centrifugation, the serum was removed 
by pipette, transferred to a test tube and taken to the labora- 
tory for serum protein determinations. All determinations 
were made within 24 hours after the blood samples were taken. 
The serum proteins were determined according to the method 
of Edngsley, described by Hawk et al. (’51). Globulin con- 
centration was taken as the difference between the determined 
total serum protein and the determined albumin concentra- 
tions. Hemoglobin determinations were made according to 
the acid hematin method as outlined by Klett-Summerson 
(’47). 

Analysis of the data. All data (gain, feed and blood) were 
analyzed by pooling the data for the two depletion and two 
repletion periods and testing according to the following- 
analysis of variance plan. 
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that the quadratic regression component of the effects of 
protein levels vras significant. 

Feed per pound of gain. For the first repletion period, the 
feed required per pound of gain (fig. 1 ) decreased as protein 
levels were increased up to 21 ^ protein. Except pei’haps for 
1290 protein, the feed efficiencies for all levels of protein were 
exceptionally good. At the end of the second repletion period, 



Fig. 2 Effect of protein depiction ami repletion on licinoglobiii levels of b.aby 
I'igs. 


less feed was required to produce a pound of repletion gain 
with IS/c protein than with any of the other levels of protein. 
The feed data for the tivo repletion periods were pooled and 
analyzed according to the previously described analysis of 
variance plan. Both the linear and quadratic regression com- 
ponents of the treatment effect of protein levels were statis- 
tically significant with the largest portion of the mean squares 
for protein levels being accounted for by the quadratic com- 
ponent. 
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above 18% protein for tlie second repletion period. On tlie 
average, the lowest level of hemoglobin ivas observed in the 
pigs fed 12 and 15% protein during the repletion period. 
However, statistical analyses of the pooled data failed to 
reveal any significant difference in hemoglobin levels attribut- 
able to the protein levels fed during the repletion periods. 
This was also the case for the depletion periods and for the 
average differences between the two periods. 



PERIOD □ CePLETiO'J ID) Q REPLETiO-i IR) 

Ktfj. ^ Effect of protein depletion nnd repletion on the hcinntocrit of bn'bv 


ncma(ocri{,<?. During the second protein depletion and re- 
pletion periods, hematocrit determinations were made to help 
clarity plasma volume changes. As shown in figure 3, the 
hematocrit was definitely lowered from the depletion level 
after the pigs were protein repletcd. This indicates (althouirh 
imt emu-lnsively) that plasma volume decreases dnriinr protein 
dc'idetion and increases with protein repletion. Hematocrit 
chauues were greatest on 12 and 15% protein. This indicator 
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repletion red blood cell counts revealed tbat the linear regres- 
sion component of tbe effect of protein levels vras statistically 
significant. *Wbile no regression component V'as significant 
for tbe depletion period, tbe linear component vras for tbe 
difference between tbe two periods. As tbe level of protein was 
increased tbe difference in tbe red blood cell count became 
less (fig. 4). 



Fipj, 5 Effect of protein depletion and repletion on tlie nhitc blood cell count 
of baby pigs. 


Whiic blood cells. The white blood cell counts are pre- 
sented in figure 5. Since white blood colls flnetuate in ac- 
cordance with disease level, the observed white blood cell 
count does not in all instances follow the same trends as the 
hemoglobin level or the red blood cell count. The piers were 
hied by heart puncture once each week at the experiment sta- 
tion farm and extreme aseptic techniques such as inierht" be 
practiced in an animal clinic were not feasible. This mav 
aooonnt for the relatively high white blood coll coiint oh^en-ed 
m tlieso pigs (Searhorough, vll, reported tliat on an avoraire. 
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level observed at the end of tbe second protein-repletion 
period. Sucb a consistent decline in serum albiunin iras not 
quite as evident in tbe pigs repleted vdtb higher levels of 
protein. The globulin fraction of the serum protein (fig. 7) 
did not appear to change as much as the albumin fraction. 
This is in agreement vrith the results of Zeldis et al. (’45) 
who showed that restriction of dietary protein results in a 



Fijr. G Eftccts of protein dcpleliou and repletion on total scrum protein of 
babv pi{;s (chemical method). 


decreased albumin level while globulin concentrations remain 
essentially normal. None of the mean squares for the rojires- 
sions of either albumin or globulin approached statistical 
significance at tbe nS'c probability level. The albumin/globulin 
ratio (fig. 7) decreased with protein depletion and increased 
with protein repletion. This response is in mrroement with 
results reported by Allison (‘48). If the globulin fraction 
remains fairly constant during protein depletion as reported 
by Zeldis et al. (*4.5), then the albumin fraction is changinff 
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■was observed -with 21 and 18% protein which were also the 
levels that supported maximum repletion gains for the first 
and second repletion periods, respectively. Although the 
albiunin/globulin ratio was greater when pigs were repleted 
■with levels of protein higher than 12%, statistical analyses 
of protein level effects on the albumin/globulin ratio did not 
reveal this to be a significant difference. 

STJMMABT 

Thirty-six individually-fed baby pigs were used to determine 
the effect of 6 levels of protein (using dried skimmilk as the 
source of protein) on the repletion gains and certain blood 
constituents of protein-depleted baby pigs. 

Maximum repletion gains and feed utilization occurred in 
the pigs fed 21 and 18% protein during the first and second 
repletion periods, respectively. Statistical analysis showed 
the quadratic responses to be significant at P = 0.05 or less. 

The effects of protein levels on the blood components studied 
were probably masked by changes in plasma volume. If plasma 
volumes had been determined, then it is possible that the 
protein source and levels might have had a significant effect 
on blood components. Of the blood constituents studied, the 
albumin/globulin ratio appears to be the most promising 
criterion of the effects of protein depletion and repletion and 
warrants further investigation. 
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In t-ff-o previous studies (Coons and Scliiefelbuscli. ’32; 
McKay et al., ’42) the calcium and phosphorus intakes of 
young college vromen consuming self-selected diets vere de- 
termined. These intakes averaged 0.93 gm (range of 0.52 to 
1.55) and 1.19 gm (range of 0.S2 to 1.17) for calcium and 
pliosphorus in the first study and 0.94 gm (range of 0.32 to 
2.32) and 1.18 gm (range of 0.66 to 2.13) in the second study. 
Coons and Schiefelbuseh (’32), using 1 gni per day as the 
standard intake for both calcium and phosphorus, concluded 
fliat 10 of the 17 subjects were receiving too little of both 
elements. McKay et al. (’42) determined the calcium and 
phospliorus of the feces and urine as well as the daily intake 
of (heir subjects. Although approximately 50% of their 124 
subjects were in negative calcium balance on less than 1 gm 
intake, it was concluded that O.S gm could maintain calcium 
equilibrium in these siibjects. Y'hilo only sliglitly more than 
a third of those same subjects were in negative phosphorus 
halanco on 1 gin, this amount was stated to be nocossarv for 
phosjihorus oqnilibrinin. No .<^}ndy of tlic magnesimn mot- 
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Carmine -was used as the fecal marker for the 5-day periods. 
Aliquots of both food and feces irere obtained for analysis 
after being iveighed and macerated in a Waring Blendor. 
Aliquots ivere removed from the 24-hour urine collections 
vhich had been made directly into the amber gallon bottles. 

The food and fecal aliquots vrere dried before they vere 
analyzed gravimetrically for calcium, phosphorus and mag- 
nesium. Scott’s oxalate method (Furman, ’39) vras used for 
the determination of calcium, the molybdate method (Fur- 
man, ’39) for phosphorus and the anamonium phosphate 
method (Association of Official Agricultural Chemists, ’50) 
was used in determining the magnesium in the filtrate from 
the calcium determinations. The data from these analyses 
were used in obtaining the total daily intakes and retentions ^ 
reported in the present study. 


EESUETS AND DISCUSSION 


The total calcium intake (food, milk, carbonated beverage 
and tap water) of the young Texas college women was deter- 
mined for 645 days, the phosphorus intake for 500 days and the 
magnesium intake for 430 days. The daily urinary calcium, 
phosphorus and magnesium were also determined for these 
women while the fecal calcium, phosphorus and magnesium 
were determined for the 5-day period and computed to daily 
values in order to determine the retentions.' 


The percentage of the intake absorbed^ by each subject 
was calculated for calcium, phosphorus and magnesium to 
sec if the subject’s ability to absorb these elements mijrht 
infiucnco the retentions obtained. The average a}).sorption 
values were 367^ of the calcium, 69^ of the phosphorus and 
74rr of the magnesium ingested. Since both the calcium and 
phosphorus percentages arc higher tlian tlie usually accepted 
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group I, 24 of tlie 25 negative balances and 8 of the 14 in 
group II occurred on intakes between 0.10 and 0.30 gm mag- 
ne.siuin. The positive balances of the two groups occurred 
on similar average intakes of 0.95 and 1.02 gm, respectively. 

Height in relation to calcium, phosphorus and magnesium 
balances. In the two previous reports of the present long- 
time study (Davis and Scoular, ’57 ; Secular et al., ’57), botb 
height and weight were used in an attempt to obtain some 
common reference for comparison of the nutrient intake. In 
these reports the use of height as a basis for comparison of 
the caloric and protein intakes of the two groups was found 
to be better than weight although the young Texas college 
women were both taller and heavier than the National Re- 
search Council’s 16- to 20-year olds (group I) and women 
25 years of age and over (group II). Consequently, calcimn, 
phosphorus and magnesium (all of which occur in large 
amounts in the skeleton) intakes are tabulated only as milli- 
grams per centimeter of height for the subjects for the present 
study in table 2. 

The difference between the average milligrams per centi- 
meter intake of the subjects of groups I and II who were in 
positive balance was small for calcium (9.1 and 10.3mg/cin) 
and for phosphorus (8.2 and 7.0 mg/cm) or negligible in the 
case of magnesium (6.1 and 6.4 mg/cm). The greatest dif- 
ferences existed betweoji the average intakes producing posi- 
tive and negative calcium balances in each group, namely 
2.3 for group I and 2.4 mg/cm for group II. Seventy-eight 
per cent of the negative calcium balances of group I and 
827c of those in group II occurred on intakes below the 
average intake of those having positive balances. Similarly, 
9171 of the negative phosjdiorus balances in group I and 
677'c in group II occurred on intakes below the average in- 
takes of those in positive phosphorus balances. The'raag- 
nesium intakes iiroducing positive and negative balances were 
l>ractically identical for the two groups (6.1 and 1.8 mg/cm 
and 6.4 and 2.1 mg 'em. respectively). 
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There were twice as many (11 as compared to 5) of the 
“taller” women of group I of the present study in negative 
calcium balance, but only two in negative phosphorus balance. 
The distribution of the positive and negative balances of 
magnesium in group I practically coincided with those for 
calcium. According to Stearns (’50) this may be accounted 
for by the fact that the solubility of magnesium is similar to 
that of calcium. 

Group n ingested more calcium but less phosphorus than 
group I. Ten of the 14 negative calcium balances and 14 of 
the 16 negative phosphorus balances of group II occurred in 
the “taller” women. LeBovit and Stiebeling (’57) have sug- 
gested changes in applying the 1953 dietary allowances to 
U. S. population groups which include increasing the average 
height of women 21 to 34 years of age from 62 to 64 inches, 
but no change in the calcium allowance for this age group. 
With this adjustment the number of “taller” women who 
were in negative balance would be decreased to 7 in negative 
calcium balance and 9 in negative phosphorus balance. In 
group II where both the calcium and magnesium intakes 
were high, the calcium retentions appeared to be unrelated 
to the magnesium retentions. 

There is no unanimity of opinion regarding the effect of the 
calcium-to-phosphorus ratio upon calcium retentions. In the 
present study, group II had the higher ratio, 1.45 and a higher 
percentage (637^) of positive calcium retentions than group 
I with a ratio of 1.2 and 407o positive retentions, Schofield 
and others (’56) state that the source of the calcium and 
phosphorus rather than the level of dietary phosphorus mav 
uifluence calcium utilization in humans. They found that the 
same level of mineral ingestion from natural foods was better 
utilized than that from calcium salt. In the present studv 
group II consumed more milk, had higher calcium intakes aiid 
more positive retentions than group I with loss milk. 

The reason for the greater ingestion of milk by group II 
is not known since both ago groups are usnallv included in 
each .o-day halnnce period and had access to I'ne same food 
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INTKOPECTIOX 

Oshorne and IMendel (’14) and ’Mitchell and Smuts (’32) 
showed that the proteins of wheat could he improved hy the 
addition of lysine. Sure (’52, ’53, ’54) reported that the 
addition of threonine along with ly.sine to whole or milled 
wheat flour had a l)eneficial effect on growth and protein 
efficiency in rats. 

Rosenberg, Rohdenberg and Baldini (’54) investigated the 
effect on the growth of rats, of adding lysine, threonine, valine 
and methionine to a diet in which the protein was derived 
from white bread which contained 3Ur non-fat milk solids. 
From their rcsiilts they concluded that the only amino acid 
which was deficient in this commercial white broad was ly.sinc, 
since no further improvement in growth was obtained bv 
.supplementing the diet with other amino acids. 

However, Ilnndley. Ing and Kranss (MG) who exjflored the 
jiossiliility of using algae as sources of lysine and threonine in 
wheat flour and bread diets, observed a growth response to 
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At the end of two weeks the rats were sacrificed for the 
determination of liver fat. Each animal was stonned and 
decapitated and the liver was removed and stored at — 4° 
until the determinations were made. For the determination 
of liver fat, the livers were homogenized in a Potter-Elvehjem 
homogenizer and dried at 100°. The dried material, after 
grinding to a fine mesh, was extracted -with ether. 

The basal ration contained, in per cent, the following in- 
gredients; white flour, 2 78; corn oil, 5; salts, 4 (Hegsted, 
Mills, Elvehjem and Hart, ’41), 4; choline chloride, 0.15; 
vitamin mixture, 0.25 ; and the various supplements of amino 
acids and proteins as indicated. Dextrin was added to make 
up to 100%. The vitamin mixture supplied in milligrams/100 
gm of the ration: Thiamine HCI, 0.5; riboflavin, 0.5; niacin, 
2.5 ; calcium pantothenate, 2.0 ; pyridoxine, 0.25 ; biotin, 0.01 ; 
folic acid, 0.02; vitamin Bis 0.002 and inositol, 10.0. Fifty 
milligrams of vitamin C/kg of diet was added to minimize any 
possible destruction of thiamine (Kandutsch and Baumann, 
’53). Two drops of halibut liver oil, fortified with vitamins 
E and K and diluted with corn oil to provide vitamin A, 400 
I.U.; vitamin D, 4 I.U.; vitamin E, 4.0 mg and vitamin K 
(2-methyi-l, 4-naphthoquinone), 0.04 mg, were given orally 
each week. 

EESULTS 

From the amino acid composition of Avhite flour (Block and 
Bolling, ’51) it is evident that when the diet contains 78% 
white flour as the only source of protein, all the essential 
amino acids except arginine, are provided at levels below the 
accepted reqnii'oments for the growth of the rat (Rose. ’37). 
Since lysine was calculated to be the most limiting amino 
acid and was shown by Sure (’54) to give some growth 
response wlioii added singly, and a correspondinglv bettor 
growth response when added along with threonine" to a diet 
containing whole wheat flour, the etioct of supplementing 
white flour with these amino acids at various levels are 
recorded. The data summarized in table 1 (o.xp. 1) show that 

’ I'iUn.arv '5. i-r.Tit’.u-I f.O'jT. X'v.rr'..ftfrO, 'rem the ep'r. .'ra.-Ic!, trri. 
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; addition of 0.25% of L-lysine to a diet contain in g 78% 
the flour increased the growth from 3.1 to 12.2 gm/wk. The 
iition of 0.2% of nii- threonine along with lysine did not 
■ther improve the growth. Increasing the level of lysine to 
% had no additional effect but when 0.4% of nn- threonine 
s included along with the higher level of lysine, the growth 
s increased to 21.3 gm/wk. A still better growth response 
5.3 gm/wk.) was obtained when the diet was supplemented 
;h 6% of casein. 

En contrast to our previous study with polished rice (Desh- 
nde et al., ’55) where it was observed that rats fed on a 
% rice diet developed fatty livers, which were prevented 
the addition of lysine, no accumulation of liver fat was 
served in any of the groups fed on the white flour, although 
;ine was still the limiting amino acid for growth. 

In the second experiment, groups of rats were fed the 
lite flour supplemented with amino acids or 6% of either 
sein or fibiin together with amino acids as indicated in 
lile 1. The results show that the highest levels of lysine 
d threonine (0.9 and 0.6% respectively) did not support 
ite as good growth as did the intermediate levels (group 
exp. 1). A significant increase in gi'owth was observed 
leu certain limiting amino acids were provided with either 
sein or fibrin. These supplements were such that they 
ive calculated to satisfy the requirements of the rat. lYlien, 
•wevei', a mixture of amino acids was added to meet the 
quirements (group 12), growth was not as good as when 
tact protein was included as part of the supplement. The 
nino acid mixture for group 12 was calculated to provide 
nounts equal to those provided for groups 9 and 11, 
Experiments 3, 4 and 5 were included with a view to 
jfaining information on growth of rats when glutamic acid 
as added to diets containing white flour supplemented with 
U'ious combinations of amino acids. It is evident that 
iithev glutamic acid alone, nor a combination of 7 non- 
'.'=ential amino acids contained in 6% fibrin farther improved 
le growth of rats fed on white flour snjiplenientod with P 
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in tile presence of a lysine deficiency 'wliicli depressed gro^rtli, 
it appeared important to investigate wliy no fatty livers 
were produced in tlie present experiments. The obvious 
difference seemed to be in tbe level of protein supplied by 
the white flour. Groups of rats were, therefore, fed on 44.2% 
of white flour, supplying the same protein level (N X 6*25 = 
5.4) as provided by 90% of rice. The effects on growth and 
liver fat are given in table 3. 

TABLE 3 


Growth and liver fat in rats fed white fioxir supplemented with amino acids 


GHOtTP 

KO. 

COMPOS^TIO^* OF THE DIET 

GEOWTH 

lavEErAT 

1 

44.2% I'lour ' 0.6% BL-tbreonine (Basal 1) 

gm/ick. 

0,8 0.8 

dry xet, 
33.4 0.9 

2 

Basal 1 4- 0.3% L-lysiae 

5.7 ±: 1.0 

11.4 1.1 

3 

Basal 1 0.6% L-lrsine 

5,2 0.8 

11.7 0.7 

4 

Basal 1 -f 0.9% L-lvsine 

4.8 1.2 

13,0 :i: 1.0 

5 

44.2% Flour 4“ 0.3% L-lvsine (Basal 2) 

1.3 :i; 0.1 

13.8 :i: 2.5 

6 

Basal 2 4 - 0.2% Bir-tbreouiiie 

10.5 1.0 

16.1 2.3 

7 

Basal 2 0.4% r>L-threouine 

9.9 :i: 0.5 

14.4 1.6 

8 

Basal 2 4 - 0,6% DL-threonine 

5.7 zfz 1.0 

11.4 1.0 


'This contained 0.11% L-lysiiic and 0.15% L-threoninc. 


It is clear that when an acute lysine deficiency was created 
by supplying excess threonine, rats failed to grow and at the 
same time fat accumulated in the liver. The addition of 0.3% 
of mlysine brought the liver fat to normal but a satisfactory 
growth response was not obtained. Higher levels of lysine had 
no additional effect on growth. 'When, on the other hand, a 
threonine deficiency was created by including 0.3% of lysine 
in the diet, liver fat remained normal hut growth was ad- 
versely affected. The addition of 0.2% of nn-threonine im- 
proved the growth from 1.3 to 10.5gm/wk. Higher levels of 
threonine had a tendency to depress growth. 

mscrssiON* 

The results confirm the previous observations regarding 
ly.sino (Osborne and Mendel, T4; ^fitcliell and Smuts. ’32) 
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to study the role of amino acids under a wide variety of 
conditions. 

In the experiment cited in table 3, the higher level of 
threonine apparently created an imbalance resulting in a 
retardation of growth. The higher level of lysine was not 
more effective than the lower level but it did not create an 
imbalance. In contrast, in earlier work using rice diets 
(Deshpande et ah, ’55) an imbalance was created when the 
lysine level was increased whereas no imbalance was created 
by increasing the threonine level. 

The growth of animals fed on diets containing a supplement 
of 6fo of intact protein could be further increased by adding 
certain free amino acids, but 9 essential amino acids had to 
be added to support a rate of growth equivalent to that 
obtained with wheat flour supplemented with 6% of fibrin, 
beef or casein. Less complete combinations of amino acids 
tested had little effect beyond that obtained with lysine and 
threonine. Although several of the amino acid mixtures 
produced a substantial growth response, the finding that a 
mixture of essential amino acids simulating fibrin was not 
able to support as good a growth as the intact protein indicates 
some superiority of intact protein over amino acids as a 
dietary supplement under the conditions of the present ex- 
periments. 

SUMMARY 

Rate of growth of young rats was increased from 3 to 21 
gm/wk when their diet, containing 78^ of white flour was 
supplemented with OJy^c of n-lysine and 0.45c of nn-threonine. 
Further improvement in growth was obtained only when 7 
more essential amino acids were added. 

AUiiough lysine was limiting for growth, liver fat did not 
aocumnlatc when the diet contained 7S/c of wliite flour. How- 
ever. fatty infiltration, which occurred when the flour was 
fed at a 5.4 ft protein level, was prevented by a lysine 
sujiph'ineut. 

Maximum growth was obtained when intact protein formed 
part <if the supplements but growth wa.s not as rapid wli'en 
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The present study of the quantitative utilization of tryp- 
tophan from foods by the rat represents a selected phase of 
the over-all evaluation of the nutritional quality of food 
proteins. Earlier work on the quantitative utilization of lysine 
(Sehweigert and Guthneck, ’53; Guthneek et al., ’53) and 
methionine (Sehweigert and Guthneck, ’54) established the 
validity of the general approach and techniques used in this 
research. Further refinements of these methods have been 
used in the present study, and experiments on the composi- 
tion of the tryptophan-deficient basal diet, the consistency 
and repeatability of the assays, and other criteria of reli- 
ability have been performed. Results are given for the 
amounts of tryptophan utilized for weight gains and in certain 
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untreated casein were analyzed for total nitrogen (macro- 
Kjeldabl), and the crude protein content (N X 6.25) calculated. 
The tryptophan content of the foods was assayed both micro- 
biologically and chemically, and the results were in good 
agreement. Samples were hydrolyzed in 4 N NaOH for micro- 
biological assay, using Lactobacillus arabinosus 17-5 (ATCC 
8014) as the test organism. The Bates method (’37), as 
modified by Graham et ah, ( ’47), was used for the colorimetric 
determination of tryptophan with p-dimethylaminobenzalde- 
hyde. Thirty minutes at 40“C, in the dark, gave maximum 
color development. 

One or more levels of each of the selected foods was added 
to the basal diet to provide known amounts of tryptophan 
(20 to 80 mg/100 gm) as calculated from the microbiological 
assay results. The percentage of tryptophan utilized for 
growth was calculated on the basis of the rates of gain for 
groups fed graded levels of n-tryptophan. 

Fecal tryirtophan excretion was determined in two feeding 
experiments. Composite collections of the feces of each group 
were made daily over a three-day period, and the tryptophan 
content assayed microbiologically, using Lactobacillus arab- 
inosus 17-5 (ATCC 8014) as the test organism. Net food 
intake of each group was measured (gross intake minus 
spillage) and the total intake of tryptophan calculated for 
each group. 

Experiments on the composition of the basal ration were 
conducted, in which variations in the amounts and proportions 
of oxidized and untreated casein were compared. Additional 
supplements of niacin and threonine alone and in combination 
were also tested. 


r.KSUI.TS AND inSCUSSlON 

Assatf methods. Kcsnlts obtained with the use of the two 
tryptophan assay methods were within 5^ of tlie mean 
values for all foods, and recovery experiments irave irood 
results. Tlie tryptophan protein ratios were sirniiar for all 
foods exeopt ^pHt pea<. and diMs providimr .a chosen level of 
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excretion) gave no indication that tryptophan digestibility 
varied to any extent for the foods tested. These values ranged 
from 90% (split peas fed at a high level) to 99% digestibility 
(ii-tryptophan fed in excess). When corrected for fecal tryp- 
tophan excretion on the basal ration (no tryptophan supple- 
ment added), tryptophan digestibility approximated 100% 
for all foods, ranging from 94 to 103%. 



Fig. 1 Kates of gain for groups of male weanling rats fed tlie trrptoplian- 
dcficient basal ration plus graded trvptoplian supplements for periods' of 7 11 
aiul 14 dnvF, 


Experiments vere conducted to ascertain wliethor modifi- 
cations in the basal diet would provide increased rates of train 
or result in altered tryptophan utilization values, and to dve 
assurance that the basal ration was as complete as possible 
in all known nutrients. The results indicated that the nutrients 
other than protein (vitamins, minerals, fats, carbohvdrate^ 
and amino aci<l supiilenicnts) supported weitrht trains enuiva- 
lent to those observ.-d on the stock ration, wlien fed whh *’0 
or 3iK:. of untreated oa^.dn. It was concluded that the redneed 
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onine gave slightly decreased grovlli response, compared to 
that obtained ’^vith the nnsnpplemented basal ration vhen 
tested at the 40- and 80-mg levels of tryptophan supplementa- 
tion. The results with added niacin and threonine in the basal 
ration showed decreasing tryptophan utilization with increas- 
ing levels of food supplements, an effect which was not ob- 
served in any of the feeding trials using the unsupplemented 
basal ration. This may have resulted from an amino acid 
imbalance caused by use of the threonine supplement. 


TABLE 2 

Percentage of tryptophan iiiUizcd from several foods after 11- 
and 14’day experimental periods * 



TRYTTOPHAK ETtnitEO 

FOOD TESTED 

Jl days 

days 


rc 

Tr 

Raw ham (uncured) 

113 

103 

Roast ham (uncured) 

SS 

S6 

tJnhoatcd soybean meal 

124 

IIS 

Normally processed soybean meal 

to 

125 

Rolled oats 

110 

111 


* Foods added to provide 40 mg of trrptophan/lOO grrx ration. 


Thus, although the preliminary results described above 
indicated the potential value of adding additional niacin and 
threonine, these observations were not confirmed. It was con- 
cluded that the basal ration as originally designed was the 
one most satisfactory for determining the tryptophan utili- 
zation from foods. 

Uidkaiion of irypiophan from foods. The tryptophan utili- 
zation results obtained after 11 and 14 days are shown in 
tabic 2 for several of the foods studied, at the level of 40 me 
of tryptojihan/lOOgm ration. These results indicate the 
high consistency observed in these studies for varving evperi- 
mental periods. Results obtained after 7 davs'were more 
variable, and it appears desirable to study the onnntit.ati\*e 
utilization of tryptophan in the weanling rat for a period 
somewhat longer than 7 days. 
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first experiment was obtained using 0, 20, 40, 60, 120, and 
240 mg of mtryptopban/100 gm ration. Thus the shape of 
the standard curve was not defined by experimental results 
in the region between 60- and 120-mg tryptophan supplement 
levels (see fig. 1). The weight gains observed for those foods 
fed at the 80 mg level of tryptophan supplementation were 
near the asymptotic portion of the growth curve and small 
differences in gain resulted in large differences in the calcu- 
lated percentage utilization of tryptophan. All subsequent 
experiments included n-tryptophan at 80- and 100-mg levels 
as well, to provide additional infoi-mation on the shape and 
configuration of the curve between the 60- and 120-mg levels. 


TABLE i 

Companion of tryptophan ntilizaiion values observed in repeat experiments ^ 


FOOD TESTr.O 

Exr. 1 

EXP. 2 

EXP. 6-fl 

EXP. C-h ‘ 

Raw bcof 

r,8 


112 

104 

Roast beef 

82 


108 

89 

Unlicated soybean meal 

152 

118 



Xomally processed soybean meal 

138 

125 

lie 

123 

Rolled oats 

107 

in 

in 

104 


* Foods added to provide 40 mg of trrptoplian/lOO gm ration. 

’Basal ration snpplcmcnted with 3 mg of niacin 4- 300 mg of DL-thrconino/lOO 


gm. 

It was also important to determine the recovery of tryp- 
tophan when pure mtiyptophan was fed to provide 40ing/ioO 
gm ration in addition to an equivalent amount provided by 
each of several foods. Total trj-ptophan utilization values for 
i.-tryptophan -f tost food of 95, 100. Ill and 103(1 were ob- 
tained for raw ham (nncured), nnhoated soybean meal, nor- 
mally processed soybean meal, and rolled oats, respectivelv. 
Tiieso results indicate that tryptophan i= readily ntilized to 
support growth of the male weanling rat. whether obtained 
as the purified amino acid or ns it occurs naturally in these 
food proteins. 

T.ahle .5 smnmnrivU'S the values observed for tlie milization 
of tryptojihan from the fo(>d= tested in tliese studies, ranging 
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107% obtained for ran* ham (nncnred) is -nithin the range 
of experimental error of the chemical and microbiological 
tryptophan assay methods and rat bioassay methods employed. 
The figures of 132, 121 and 117 % observed for nnheated soy- 
bean meal, normally processed soybean meal and rolled oats, 
respectively, suggest that the assay results for the tryptophan 
content of these foods may have been low. Other studies have 
shown that the presence of carbohydrates in foods may result 
in some destruction of tryptophan during hydrolysis of the 
sample, resulting in low values for tryptophan content. The 
use of alkali and cysteine is designed to minimize these losses 
in the hydrolysis procedures for microbiological analyses. 
Since the chemical and microbiological assay values agree, 
however, it is concluded that appreciable destruction of tryp- 
tophan did not occur during preparation of the samples for 
the microbiological assays. In the chemical method, the sample 
is merely solubilized by mild heating in alkali. Tlie tryp- 
tophan values for the meats studied appear reliable, and the 
small amounts of carbohydrate present would not be expected 
to result in low values for tbe tryptophan assays. If the 
tryptophan assay results for the unheated and normally- 
processed soybean meals and rolled oats were too low by 10 
to 157c, “true” tryptophan utilization values for these foods 
would lie close to 1007c. It is also possible that tryptophan 
may be more effectively utilized from these food proteins 
than from n-tryptopban supplements. 

The possibility that net synthesis or destruction of tryp- 
tophan by microorganisms in the intestinal tract might affect 
the results was considered. If this did occur, its effect was 
negligible in terms of the tryptophan utilization results ob- 
tained, in view of tlie consistency of the results for foods fed 
at several levels. Similarly, the possibility that such organ- 
isms might respond differently to tryptophan obtained from 
food proteins than to the pure amino acid was also considered. 
Init the rosvUts of the recovery experiment indicate that anv 
such differential response was of ne-^liifiblo effect on the 
tryptophan utilization values observed. 
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of niacin and threonine resulted in decreasing tryptophan 
utilization values as the amount of test food vas increased. 

The percentage of tryptophan utilized for grorrth of the 
male vreanling rat when fed raw and roast beef, ham and 
lamb, nonfat dry milk, overheated soybean meal, and split 
peas ranged from 75 to 107%. Tryptophan utilization results 
for unheated and normally-processed soybean meals, and 
rolled oats ranged from 117 to 132%. The results suggest 
that cooking or heat processing may result in reductions in 
the availability of tryptophan to support growth. The per- 
centage of ingested tryptophan excreted in the feces ranged 
from 1 to 10%. 

The high values observed for tiyptophan utilization in these 
studies gain added significance when compared to those ob- 
served in the earlier studies on lysine and methionine. The 
ranges in the obseiwed amino acid utilization values for the 
foods tested wei'o 49 to 98% for lysine, 48 to 83% for methi- 
onine, and 75 to 132% for tryptophan. 
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In recent years increasing interest has been shown in the 
study of hypervitaminosis A, the intoxication resulting from 
excessive intake of vitamin A. The subject is of interest not 
only because hypervitaminosis A has been observed in man 
but also because the condition serves as a useful tool for 
gaining insight into the metabolic behavior of vitamin A, 
particularly in regard to its interaction with other nutrients 
in vivo (Niemanand Obbink, ’54). Available data indicate that 
the prolonged ingestion of massive doses of vitamin A results 
in growth retardation, spontaneous fractures, paralysis and 
other toxic manifestations in the immature rat, the severity of 
symptoms and their rapidity of onset being jiroportional to 
the dosage of vitamin A administered (See Rodahl. ’.50, and 
Nieman and Obbink. ’.54. for review of tlie literature). In 
the presont communication data are ])resc‘Utod indientinir that 
alfalfa and other materials of plant and animal origin contain 
a factor or factors. a])iharently distinct from any of the knov.m 

' CoT’-Tr.UJ.jratif r. from Prpnrtrror.t of r.:. 5 

of CrvUfcrr.ln., 
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KESULTS 

Experiment 1. Effects of graded levels of vitamin 
A acetate and vitamin A palmitate on symptoms 
of hypervitaminosis A in the rat 
lu agreement witli earlier findings (Eodahl, ’50) the 
ingestion of massive doses of vitamin A resulted in a signifi- 
cant retardation in growth, the occurrence of spontaneous 
bone fractures in the legs and other manifestations of hyper- 
vitaminosis A toxicity including death. The severity and 
rapidity of onset of sjTnptoms were proportional to the dosage 
of vitamin A administered. The ingestion of rations supple- 
mented with 2.5 million U. S. P. imits of vitamin A per 
kilogram of diet (either as the acetate or the palmitate) 
resulted in a slight retardation in growth but other manifesta- 
tions of h 5 T)ervitaminosis A toxicity including the occuri'ence 
of grossly detectable spontaneous leg fractures and paralysis 
were lacking. With the exception of a slight reduction in size 
these animals appeared grossly normal in all respects and 
were indistinguishable from rats fed the basal diet. The 
ingestion of diets supplemented with 3 or 3.75 million U.S.P. 
units of vitamin A per kilogram of diet (either as the acetate 
or the palmitate) resulted in a more pronounced retardation in 
growtlx and the occurrence of grossly detectable spontaneous 
leg fractures or paralysis or both in approximately 50^ of 
the animals in those groups. The ingestion of diets supple- 
mented with 5 million U.S.P. units of vitamin A per kilogram 
of diet (either as the acetate or the palmitate) resulted in a 
100% incidence of leg fractures (and paralysis) and the 
death of 15 of the 10 rats in these grou]is within an experimen- 
tal period of 6 weeks. No significant difference was observed 
at the various levels of supplementation between rats fed 
vitamin A acetate and those administered a com])arable 
amount of vitamin A palmitate. 

Kxpi'rmcvJ g. Pofrviiniivn ’'ffrrf of alfnlfn mrnt 
ov sttmpiov'.s of hpp> rvifamir.osis .! ij; //m rnt 
Tlie findimrs indicate that sipiplenumts <>f alfalfa meal wlien 
fed at a 20U l>>v*'l in the dit-t resulted in a 'irikimr inr-ren'-'e in 



TABLE 1 ('coniinue^fj 

Comparative effects of aifaifa meal and other supplements on symptoms of hppervitaminosis A in the rat 


St'PPLEMZSTS TED 
WITH BASAL DIET 


:SUMBEB 

or 

AXDfALS 


INITIAL 

WEIGHT 


GAIN IN BODY WEIGHT 
rOLLOWING DATS OF FEEDING 


PER CENT 
S^EVT^^NG 


EATS ^TTH 
FRAC- 
TCEES 3 


ATEEACE 
TIME OF 

ONSET or 

FRAC- 
TTEE ® 


2.5 million units of vitaniiii A 
palmitate/kg of diet plus tlie 
following supplements: 

20% alfalfa meal, lot 3 
20% defatted alfalfa meal‘ 

B vitamins, C and K® 
Vitamins A, B, and E " 

10% casein* 

10% cellulose® 

5% corn oil 
2.5% salt mixture 
Combined supplements 
2.5% alfalfa asli 
Aureomycin HCl*^ 

Mixed tocoplicrols 

N'onc 

alfalfa meal, lot 4 
-.5 million units vitamin A 
palmitatc/kg of diet 
1 million units vitamin A 
palmitate/kg of diet 
2.5 million units of vitamin A 
palmitatc/kg of diet plus the 
following supplements : 

5% alfalfa meal, lot 4 

10% alfalfa meal, lot 4 

20% alfalfa meal, lot 4 

20% rye grass 

20% orebard grass 

20% wheat grass 

20% fescue grass 

20% oat grass 

10% dcsiccateil liver X.F. 

10% liver residue 

2,5% liver concent rat X.F. 

10% yeast 

2.5% Vigofac 

5% tuna meal 

oCc tuna solubles 


40 (8) 
46 (8) 
55 (6) 

54 (8) 

60 (8) 

55 (8) 
57 (7) 


51 (S) 
58 (S) 
97 (6) 
96 (S) 

105 (8) 

106 (8) 
lOS (7) 


8 

42.3 

63 (S) 

111 (S) 

100 

25 

17 

8 

42,0 

CO (8) 

103 (8) 

100 

50 

21 

8 

42.0 

64 (8) 

115 (S) 

100 

12,5 

29 

8 

42.6 

62 (8) 

95 (8) 

100 

75 

22 

S 

42.4 

59 (8) 
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had little if any potentiating effect. Alfalfa ash, at a level 
corresponding to the amount provided by 20% alfalfa meal 
in the diet and mixed tocopherols at a level of 500 I.U. per 
kilogram of diet -were also vrithout significant effect. Anreomy- 
cin HCl at a level of 100 mg per kilogram of diet had little if 
any effect on vreight increment but did appear to increase the 
incidence of leg fractures. The potentiation of the symptoms 
of hypervitaminosis A resulting from supplementation vrith 
alfalfa meal does not appear to be due to the ingestion of 
vitamin A precursors (carotenoids) in this material. This is 
indicated by the fact that the defatted carotenoid-free alfalfa 
meal was just as active as unextracted alfalfa meal in 
potentiating the symptoms of hypervitaminosis A in the 
present experiment. Furthermore, the severity of symptoms 
(i.e., growth retardation and incidence of leg fractures) 
obtained in animals fed the alfalfa supplements was signifi- 
cantly greater than that of animals fed the diet supplemented 
with 3 million U.S.P. units of vitamin A palmitate per kilogram 
of diet in spite of the fact that the latter ration contained 
425,000 and 500,000 units more of vitamin A per kilogram of 
diet than the unextracted and defatted alfalfa meal rations, 
respectively. 

EcrpertJncni 4. Comparative effects of alfalfa meal 
uad other materials of plant anrl animal origin 
on siimpioms of hupcrvitaminosis A in the rat 
In agreement with previous finding supplements of alfalfa 
meal resulted in a striking increase in the toxic manifesta- 
tions of hypervitaminosis A in the immature rat. The effects 
obtained were proportional to the alfalfa content of the ration. 
A supplement of '■>% alfalfa meal significantly increased the 
growth retardation and incidence of leg fractures of rats fed 
the basal diet snp]demented with 2.5 million F.S.P. units of 
vitamin A pahnitato per kilogram of diet as compared to the 
results obtained on a similar ration with tlm alfalfa meal 
omitted. Tlie effects obtained were less marked, however, than 
those which occurred at the ICTr level of supplementation: 
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gross appearance. Eats fed tlie latter ration appeared normal 
in all respects and were indistingnishable grossly from the rats 
fed the basal diet. 

DISCUSSION 

The findings indicate that supplements of alfalfa and other 
succulent plants accentuated the symptoms of bypervitam- 
inosis A in immature rats fed massive but relatively non-toxic 
doses of this vitamin. Desiccated liver, yeast, a product 
derived from fermentation sources and aureomycin HCl also 
showed some activity in this regard. In contrast to the above, 
supplements of all the known nutrients, either when fed alone 
or with one another, had little if any potentiating effect. These 
findings suggest that alfalfa and the other materials indicated 
above contain a factor (or factors) apparently distinct from 
any of the known nutrients which significantly increases the 
toxic manifestations of hypervitaminosis A in immature rats 
fed massive doses of this vitamin. hTo data are available to 
indicate the mechanism whereby the factor for factors) indic- 
ated above exerts its physiologic effects. The possibility that 
alfalfa and the other active materials contain antioxidants 
that prevent the destruction of vitamin A in the diet and 
hence leave more of the vitamin present for absorption ap- 
pears to be ruled out by chemical tests which indicate that no 
detectable destruction of vitamin A occurred in the purified 
basal diet supplemented with 2.5 million U. S. P. units of 
vitamin A palmitate per kilogram of ration after 30 days of 
refrigeration. Under conditions of the present experiment 
diets were made up at weekly intervals and were consumed 
within 10 days of the time they were made. In addition, no 
significant difference in response occurred between rats fed the 
above ration and animals fed an identical diet which was made 
up daily immediately before feeding. Furthermore, if aii 
antioxidant effect were involved, one might have antieipated 
that the mixed tocopherols when fed at a level of .500 T. U. per 
kilogram of diet would have been active in iioteniiating 
symptoms of hypervitaminosis A. Such was not the ease. Tim 
possibility that alfalfa and the othor active materiah contain 
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tion in experimental animals. A similar effect has been re- 
ported for aureomycin (Murray and Campbell, ’55a, b). Tbat 
at least two separate factors exist in tbe above supplements 
would seem to be indicated by tbe observation tbat tbe yeast 
factor is soluble in fat solvents (Patrick and Morgan, ’-iS) 
whereas tbe fish factor is water-soluble (Harms et al., ’56b). 
iYbetber alfalfa and tbe other materials which potentiated 
symptoms of bypervitaminosis A in tbe present experiment 
would increase tbe aljsorption or utilization of vitamin A when 
tbe latter is ingested in suboptimal amounts has not been 
determined. It is of interest, however, tbat both yeast and 
aureomycin which were effective in increasing tbe absorption 
or utilization of suboptimal amounts of vitamin A (Patrick and 
^^lorgan, ’43; 3ilurray and Campbell, ’55a, b) resulted in a 
significant increase in tbe incidence of fractures in rats fed a 
massive but relatively non-toxic dose of vitamin A under 
conditions of the present experiment. 


SUJm^VBY 

Immature rats were fed a purified ration containing a 
massive but relatively non-toxic dose of vitamin A. Supple- 
ments of alfalfa meal and other succulent plants resulted in a 
significant potentiation of tbe symptoms of bypervitaminosis 
A. Both tbe dried alfalfa juice and the water-washed pulp 
remaining after tbe extraction of the juice were active in this 
regard. Desiccated liver, yeast, a product derived from fer- 
mentation sources '' and aureomycin HCl also showed activity. 
In contrast to tbe above, supplements of all tbe Icnown 
nutrients bad little if any potentiating effect. 
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NUTRIENTS AFFECTING THE -^HTAMIN Bj, 
REQUIREMENT OF CHICKS ^ 
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Lahoratori; of Xxttriiion and Endocrinology, Xaiional Institute of Arthritis and 
Metabolic Diseases, Public Health Service, U. S. Department of 
Health, Education and Welfare, Ectlicsda, ilaryland 

(Received for ijublication Februarv 15, 1957) 


It has been recognized from the time of the early stndies 
with vitamin Bjo that the requirement for this vitamin may he 
influenced by other nutrients in the diet. Schaefer and co- 
workers (’49) reported that choline could lower the vitamin 
Bi 2 requirement of chicks from hens receiving a standard 
breeder diet. Thus, these chicks did not have Ioav vitamin 
Bi 2 stores. Briggs et al. (’50) reported that the growth of 
nondepleted chicks was stimulated by supplemental choline 
or methionine in the absence of vitamin B, 2 . Sunde et al. ( ’51) 
observed vitamin Bjj-sparing effects with choline and methi- 
onine in chicks fed a peanut oil meal basal ration. Machlin et 
al. (’.52) observed similar sparing effects with methionine in 
chicks fed a vitamin Bi;-freo corn-soybean oil meal diet. 
Some workers, however, have failed to obtain a sparing effect 
upon the vitamin Bj; requirement with methionine (.Tukes and 
Stokstad, ’51 : Titus et al.. ’55) ; it ajipears that a sparing 
effect might have occurred if higher supplemental levels of 
methionine had boon used. Early studies of the “animal 
protein factor." winch arc pertinent to the general topic of 
vitamin B,. activity as affected by constitution of the diet, 
have been reviewed by Briggs et al. (*.50). 


*A ]'Tilir'.irr,rv rvpoTt of ^ of tJ.oK.-. civt r. r.! tfo 

cf n-r Xfi-rirr.v. of Ni-.tr;!;-.:'., At!-.r.g- CCr, Arri! \-2~lf 


1 





]!?UTRIEXTS a:2?D VITAMIX Bi2 beqxjibemext 


541 


components. The 02 concentrate ^ (diet 02 less carbohydrate 
and vitamin B 12 ) "was snbstitnted for corn in diet 030 : varions 
incomplete 02 concentrates were also fed, as indicated in table 
1. The amino acid mixture AA5,“ which was used in some 
experiments, was formulated to simulate the amino acid 
composition of casein. 

In some experiments the chicks were decapitated and the 
livers, pooled by experimental group, were assayed for vitamin 
Bi 2 with Lacfohacilhis leiclimannii by the XT. S. P. procedure 
(’55). 

RESULTS 


The data in table 1 are from one experiment that dem- 
onstrates the typical effects observed upon supplementing the 
basal corn-soybean oil meal diet with vitamin B 12 and various 
ingredients of the C2 diet. Claicks receiving the basal diet 
alone grew very poorly during the 4-week period, utilized the 
diet inefficiently, and had low stores of vitamin B 12 in the liver. 
The addition of 100 pg of vitamin Bjo per kilogram of diet 
improved growth, feed efficiency, and elevated the concentra- 
tion of vitamin B ,2 in the liver. Inclusion of 219 gm of C2 
concentrate (which contained no vitamin Bj;) per kilogram 
of basal diet C30 markedly improved growth and feed efficiency 
but did not raise the concentration of vitamin Bjj in the liver. 
The C2 concentrate, from which methionine was omitted. 


MVhrn the C- concentrate incorporated into diet C30, it furniMicd the 
foUo’,vinj^ p'*r kiloj^rani of diet: ca^^in 100 pin. pelnt'm 40 pin, BL-methionine 1.5 
pni. com oil 20 pm, chick salts A 30 pn, plucoso 1S..5 pm (carrier for the H 
vitaniinsl, tliinmiiie hydrochloride 4 mp, riboflavin 4 mp, calcium panlothrnate 
10 nip, choline chloride 1000 mp, nicotinic acid 50 mp, pyridoxinc liydrochloridc 
4 nip. d-biotin 0.15 mp, pteroylpliitamic acid 1.5 mp. vitamin A acotatf 1,5 mp. 
vitamin P, O.oi mp. c-tocoph.f’rt>l acutrit»' 5 mp. and 2 methyl- l,4-napht!iouuir.onf‘ 
0.5 mp. 

* U’l.cn amir.o acid mix AA5 wa*. jncorporntj^l in tl.r di^ t .at a h vrl of 5C . 
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<»f dot: T»r>'alanit‘.r 1.50. r.-arpir.inr hydro*'hlorid/> l.ni. 
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caused an increase in growth; however, the 4-week weight of 
this group was poorer than that of chicks receiving the 
complete 02 concentrate, When both methionine and the B 
vitamins (including choline) were omitted from the 02 con- 
centrate, growth was not increased significantly over that 
of the basal group. The omission of the fat-soluble vitamins 
and gelatin from the supplemental 02 concentrate did not 
significantly alter the good growth supported by the complete 
concentrate. The data thus far indicate that methionine and 
one or more of the B vitamins were the chief constituents 
in the diet 02 that spared vitamin Bjo- 

The simultaneous incorporation of vitamin B 12 and the 
complete 02 concentrate into the basal diet resulted in a 
very marked improvement of growth. It has been reported 
previously (Fox et al., ’56) that 100 jig of vitamin B 12 per 
kilogi-am of diet supported a maximal growth response with 
this diet; therefore, the improved growth vdth both supple- 
ments over that with only vitamin Bj; indicated that this 
basal corn-soybean oil meal diet was somewhat deficient in 


nutrients other than vitamin B,; for optimal growl li of the 
young chick. 

In table 2 data are presented from 5 series of experiments 
on the vitamin Bi^-sparing capacities of individual nutrients 
and combinations of nutrients present in the C2 concentrate. 
TIio column headed “Average” is the moan weight and 
standard error of the total number of chicks from all series 
that wei’o fed the indicated supplement. Since all supplements 
wore not included in each series, evaluation of the a^'oratre 
values must be tempered by the data of the specific series in- 
volved. Mortality in all groups was negligible. When the fat- 
soluble vitamins, the coinideto B vitamin mix. or the B vitamin 


mix minus choline was incorporated in the basal diet, there 
was no improvement in growth. The addition of 0.2 f'r choline 
chloride always resulted in mean weiirht gains. These weight 
increases were not statistically significant on the bnsis''of 


comparison': within each series.- 


however, ujion consideration 
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of all 5 series together choliiie did cause a significant increase 
in weiglit gain. 

The addition of 0.15% methionine to the basal diet caused 
marked improvement of growth, which was as good as that 
with vitamin Bio- Data obtained from feeding levels of 
methionine below 0.15% down to 0.05% were not presented 
in table 2 since the increases in growth were quite variable. 
These results mar he related to slight variations in the 
methionine content of crude materials in the diet. Supple- 
mentary cystine was completely without effect upon growih of 
vitamin Bio-deficient chicks. The effect of feeding the com- 
bination of choline and methionine was little different from 
the result due to methionine alone. Feeding 5% of casein, 
w'hich should contribute approximately 1.5 gm of methionine 
per kilogram of diet, did not improve the growth of vitamin 
Bi 2 -deficient chicks to the same extent as this level of free 
methionine. In two of the 5 series the casein caused sig- 
nificantly improved growth; however, the combination of 
casein and choline supported growth that in general was 
superior to that attained with either alone. 

The amino acid mix AA5, whose composition was based on 
the amino acid content of casein, stimulated growth of vitamin 
B, 2 -doficient chicks in a manner similar to that of the same 
level of casein. Again, the combination with choline was 
superior to either alone. Omission of methionine from the 
amino acid mix caused a marked depression of growth of the 
vitamin Bj;-doficient chicks, but feeding vitamin Bi- -with the 
methionine-free amino acid mix resulted in growth similar to 
that of the control group receiving vitamin B,; alone. The 
addition of 0.2% choline chloride at least partially overcame 
the growth depression caused by the methionine-free amino 
acid mix. 

M.any of the supplements that supported improved growth 
in the deficient chicks were also fed in the presence of vitamin 
B„. The growth increments caused by the various supple- 
ment-; in the presence of vitamin B,. were much smaller than 
the growth increments of the supplements seen in tlm alwonce 
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ratlier than to limited availability of the methionine. The 
amino acid mix A A 5, which was based on the composition 
of casein, elicited gi-owth responses under various conditions 
comparable to those with the intact protein. In addition, the 
same amino acid mix minus methionine depressed growth 
below that obtained Avith the basal diet alone. This nutritional 
stress is comparable to that of high fat in that either meth- 
ionine or vitamin Bjo could overcome the etfect. The growth 
depression observed with the methionine-free amino acid mix 
■may be due to an amino acid imbalance involving specifi© 
amino acids, or it may be a non-specific increase in methionine 
requirement associated with increased protein in the diet. 

The combination of choline with casein or the complete 
amino acid nux was similar to the equivalent amount of free 
methionine fed alone. Under these conditions, choline may 
have been counteracting the suppression of methionine by 
the other amino acids present, or it may have been exerting 
some other beneficial effect unrelated to the amino acid content 
of the diet. 

Diet C30 is limiting chiefly in methionine ; therefore, when 
determining the vitamin B ,2 potency for the chich of crude 
concentrates or compounds related to vitamin Bx;, it is 
necessary to keep the methionine content of the material being 
assayed at a minimum. On the other hand, it is desirable to 
limit the methionine content of the diet to the lowest possible 
level consistent with good growth in order to obtain the 
greatest growth stimulation upon addition of vitamin Bj-. 


SUMJrABV 

Tlie elTect of certain constituents of purified diets upon the 
vitamin Bj; requirement of chicks fed a high fat corn-soybean 
oil meal diet has boon studied. It is concluded that: 

1. The only nutrients having a significant vitamin B-.-spar- 
ing activity were methionine and choline. Methionine at a 
level of O.laU completely replaced vitamin Bjr. whereas nd- 
diiion of 0.2U choline ehloride to the diet resulted in onlv 
a small sparing oiTcct. 
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UTILIZATION OF FOOD FOE WEIGHT 
MAINTENANCE AND GEOWTH 


HAKS KA.UK1TZ, C. A. SLAKETZ AKD E. E. JOHJTSOX 
Department of Fathotogu and the Institute of Comparative Medicine, 
Columbia University, Kew Torh, A'eto Tort: 


(Received for pubRcatton Febraarv 28, 1957) 


The problems of how food is utilized under various condi- 
tions have been discussed by nutritionists for many years. 
Practically every worker in this field has made contributions 
to these questions. A new facet of the old problem was revealed 
in studies of the food requirements for weight maintenance 
and growth of rats kept at constant weight by restricted 
feeding. As previously shorni (Kaunitz et al., ’56a, b), meas- 
urements of food and water intake and organ weights of such 
animals disclosed the existence of certain adaptive mech- 
anisms. It therefore seemed worth while to study food utili- 
zation for weight maintenance and growth of rats of various 
ages and weights after dilterent periods of food restriction. 
The findings are discussed in this paper. 

PROCKDURE 

The male albino rats used for the experiments were drawn 
from a homogeneous colony known to us for 15 year.s. Mlion 
they were 20 days old and weighed 45 to .50 gm, they were 
placed on a complete stock diet containing protein. Tiiey 
wore weighed at 24 and at 28 dny.=:, and. at the latter time, 
those of suitable weights (usually about two-thirds of the 
total) were divided into matching groups of 8 animals whose 
average weights at 24 and again at 28 day? were identic.al. 
Winm these groups were pennitted to eat freely, their average 
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weight was 97 gm and from 0.41 to 0.33 gm for the gronp in 
the second series which was kept at 128 gm for 6 weeks. 

"When the animals were restricetd for one week at different 
ages and weights, the requirements for the maintenance of 
one gram of body weight declined with increasing body weight. 
This is evident from the data from the second series, where 
the average body weight increased from 61 to 180 gm (column 
4) and the maintenance requirements per gram of body weight 
decreased from 0.51 to 0.40 (column 5). This was also true 
for the animals in the first seiles when the requirements were 
calculated after one week of food restriction at different 
weight levels. The average body weight varied, among 4 
groups, from 95 to 177 gm, and the maintenance requirements 
decreased from 0.51 to 0.43 gm. 

The decreasing maintenance requirements for higher body 
weights are in agreement ^vith many studies of the relation 
of food requirements to body surface in that heavier animals 
have a relatively smaller surface. It is not probable that the 
differences in age in these experiments were of consequence 
because animals restricted for a short period earlier in the 
experiments and having, thus, compai-atively reduced body 
weights had requirements similar to those of younger animals 
of comparable weights which had eaten freely throughout 
the experiment. 

Bcq^iiremcnts for weight increase. For the determination 
of the requirements for weight increase, the groups which 
had been restricted for varying periods of time and then 
permitted to cat freely wore used. The weight gain and food 
consiunption of only the first three days of realimentation 
were used because, on the one hand, the period was lontr enoutrh 
for accurate measurements and, on the oilier hand, was short 
cnougli to permit the assumption that the basic requirement 
for the maintenance of one gram of body weierht would not 
have changed with the return to ‘luxury food' consumption. 
The rats* maintenance requirements for this three-dav period 
were cah-nlat.'d by multijdying the requirement at the lower 
\n>dy weiuht. as known from the previous woek's restriction 
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groups. The total requirements for weight maintenauce during 
the first week of food restriction of two well-matched groups 
whose restriction had begun on successive weeks were aver- 
aged because the similarity in the requirements of different 
groups made it permissible to assume that the value thus 
obtained would be approximately that of any well-matched 
freely eating group of the same series over the same weight 
range. This was now deducted from the total food intake of 
the freely eating group, and the difference was divided by 
the gain in body weight to give the amount required for one 
gram of weight increase. The values obtained by this pro- 
cedure varied, with one exception, from 0.75 to 1.25 gm of 
food for one gram of body weight increase and were in fair 
agreement with the data obtained by the first method. In the 
table, only the values obtained by the first method are given 
until the exception of the value for group 5, series I, which 
was calculated by the second method. 

IMien considering errors in the determination of the re- 
quirements for weight maintenance and for weight increase, 
it must be kept in mind that the calculation of the latter is 
based on three variables, namely, weight maintenance require- 
ments, weight gain, and total food consumption. This con- 
tributes to greater variability in the values for weight increase 
requirements than in those for weight maintenance require- 
ments because the latter are merely based on the determination 
of the daily food requirements. For this reason and also 
because we have noted considerable constancy in 1.5 experi- 
mental series with several groups in eaeli one, differonce.s of 
as little as 5 to lO'Jf' ore usually significant in the determina- 
tion of weight maintenance requirements. In the determination 
of the requirement for weight increase, tlie data indicated 
(hat. iu all probability, only differences exceedim: 2-5 'T'r are 
significant. Direct statistical analyses of the weigld increase 
requirements are difiiciilt in view of the above-noted three 
variables. 
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of rats kept at constant weight hy restricted feeding of a 
complete, purified diet and of the food intake and weight 
increase of well-matched rats permitted to eat freely of the 
same diet. 

2. The reqnirements for the maintenance of one gram of 
body weight were found to be influenced by the duration of 
food restriction, the body weight, and the room temperature 
but hardly by the age of the animals. Continued food restric- 
tion led to a reduction of about 30% in the weight maintenance 
requirements. 

3. Food requirements for weight increase did not seem 
to be influenced by the above factors. Approximately one 
gram of food was necessary to build one gram of body 
substance under widely different conditions. 

4. The implications of these findings for studies of food 
utilization and paired weighing and paired feeding techniques 
are discussed. 
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Fluorine occurs naturally in virtually all foods and drinking 
water and it is present in the bodies of all higher animals. 
Even though the element is of practical significance in the 
partial protection of teeth from dental caries, conclusive 
studies have not been reported concerning its essentiality 
in nutrition. 

Sharpless and McCollum (’.33) investigated the essentiality 
of fluorine for rats using a semipurified diet containing casein, 
starch, hutterfat, yeast, and salts. The femurs of the animals 
contained about 1.50 pg of fluorine per gram at 120 days of 
age, indicating that appreciable amounts of the element re- 
mained in the diet. Under these conditions there was no 
indication that fluorine is essential. 

Phillips, Hart and Bohstedt (’.34) fed mts a mineralized 
milk diet reported to contain only 0.1 to 0.2 ppm of fluorine. 
Nevertheless, at 140 days of age the animals contained several 
hundred micrograms of the clement. Evans and Phillips (’.39) 
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samples of material i;vlieii tlie concentration of fluorine Tvas 
very small. 

In the analysis of samples containing large amounts of- 
salts a single ‘Willard and Winter ( ’33) distillation did not 
suffice to separate aU the fluorine from the elements vhich: 
interfere in the determination. Savchuck and Armstrong ( ’51) 
had already noted the necessity of emplojring a double dis- 
tillation procedure for the determination of fluorine in some- 
cases. The technique employed here -was to collect 200 ml of 
distillate during the primary distillation and then return this 
to the rinsed stHl for evaporation to near dryness -with highly 
purified calcium oxide (Weddle and Maurer, ’54). A second 
distillation vras then run. Samples were ashed in silica or 
platinum dishes, first over a Meker burner and then for 8 
hours at 550 to 600°C. in a muffle furnace fitted -with a silica 
lining to prevent contamination. 

Alkaline and acid phosphatase were determined according 
to the procedure of King and Armstrong (’34). 

Experimenial did. The diet was composed of casein, 18; 
DLrmcthionine, 0.5; corn oil, 15; vitamin mixture, 1; salts, 4; 
and corn starch, 61.5%. The composition of the salt mixture 
was, in grams, sodium chloride, 293; monopotassiimi phos- 
phate, 817 ; calcium oxide, 488 ; magnesium sulfate, 120 ; ferric 
sulfate, 138; manganese sulfate, 9; zinc sulfate, 3; cupric 
sulfate, 1 ; potassium iodide, 2; molybdic oxide, 2. The vitamin 
mixture contained thiamine hydrochloride, 1400 mg; inositol, 
1400 mg; calcium pantothenate, 700 mg; pyridoxine hydro- 
cliloride, 700 mg; riboflavin, 1400 mg; nicotinic acid, 1400 mg; 
folic acid, 350 mg; menadione, 350 mg; vitamin Bj;. 14 mg; 
biotin. 2 mg; choline chloride. 42 gm; corn starcli carrier. 
302 gm. The vitamins were all the purest crystalline materials 
available commercially and were used without further purifica- 
tion. Each 15 gm of corn oil was fortified with 2500 units of 
vitamin A and .360 units of vitamin D added as porcormorph 
oil, .and 15 mg of a-tocojdiorol. 

.Ml equipment used in the ptirification. storage, compound- 
ijig and dispensing of the diet was cb-aned by boiling in either 
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quently for the two hours required to evaporate ail traces of 
acetone. 

Sodinm chloride, monopotassinm phosphate, and cupric sul- 
fate were purified by multiple recrystallizations from redis- 
tilled water. Calcium oxide was prepared according to the 
procedure of "Weddle and I^Iaurer (’ 54 ), and contained no 
more than 0.2 ppm of fluorine, ilagnesium, ferric, zinc, and 
manganous salts were purified hy procedures involving re- 
crystallizations from redistilled water and ignition to red 
heat with sulfuric acid. Molyhdic acid was dissolved with the 
aid of NH4OH, filtered, reprecipitated with HCl, and ignited 
to red heat. Potassium iodide was purified hy fractional 
recrystallizations from redistilled absolute ethanol. 

General care of animals. The animals were housed indi- 
vidually in special round metabolism cages mounted on pyrex 
cake pans. The cages were constructed entirely of stainless 
steel, and were fabricated by techniques which eliminated the 
use of Avoiding and soldering fluxes containing fluorine. The 
bottoms Avero S inches in diameter and made of 3-mesh stain- 
less steel Avire. The excreta required for analysis wore col- 
lected on filter paper circles,^ Avhich had an especially low 
fluorine content. The caged animals avovc kept in a special 
air-tight chamber supplied Avith air Avasbed AA'ith Avator. This 
Avas necessary OAving to the presence of some fluorine at all 
times in unfiltercd or uuAvashed air. The temperature and 
humidity Avero controlled at approximately 25°C. and 70%. 
respcctiA'cly. All fluorine-containing materials except flno- 
ridized Avater for the control animals Avere rigorously excluded 
from the room. 

Tile experimental animals Avere obtained in the folloAvimr 
manner; a pair of Avonnling albino rats of the Wistar strain 
was obtained from a dealer and placed on a stock corn diet 
(.Mulder and Day. ol) and redistilled Avater. The di.u con- 
tained only about O.flpjnn of fluorine. When sexually mature, 
tile animals Avere mated and their pups in turn Avere rai-cd to 
maturity on the corn diet and then transferred to clean caires. 
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TABLE 1 

Groxcih of fluorine-deficient rats compared tcith controls given sodium fluoride" 


GEKEP.ATIOK 

a?;d sex 

n.vop.iXE 

ADDEP 





AOn rx VA 

yf' 





23 

35 

45 

55 

65 

1 5 

55 

93 

105 

120 

150 

1 

U 

— 

G6 

119 

176 

237 

294 

319 

312 

34S 

35S 

374 

434 

1 

:si 

— 


101 

151 

213 

251 

2SS 

284 

313 

324 

353 

3S0 

1 



50 

96 

160 

215 

26S 

317 

307 

347 

355 

375 

395 

1 


4* 


128 

184 

215 

270 

304 

311 


325 

33S 

363 

1 

r 



62 

107 

142 

159 

17S 

199 

205 

209 

213 

224 


1 

F 

— • 

58 

100 

13S 

158 

17S 

19S 

193 



221 


1 

r 

— 

36 

103 


171 

185 

197 

212 

214 




1 

F 

-i- 

54 

100 

134 

153 

ITS 

192 

231 

241 

242 

246 

250 

o 

M 

— 

51 

110 


ooo 

253 

286 

298 

320 

330 

325 

357 

o 


— 

63 

12S 

172 

244 

2S0 

311 

327 

345 

352 

374 

395 

o 


4- 

50 

116 

160 

229 

270 

295 

308 

324 

340 

3S5 

405 

2 

F 

— 

52 

104 

13S 

15S 

177 

185 

185 

196 




o 

F 

— 

45 

94 

119 

136 

1 Ov) 

178 

166 

170 

197 



o 

F 

— 

42 

94 

130 

164 

ISO 

O’JO 

226 

234 



259 

o 

F 

— 

37 

84 

no 

143 

160 

17S 

ISS 

200 



220 

o 

F 

— 

56 

97 

120 

145 
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1S7 

195 

211 

ooy 

221 

o 

F 

— 

46 

91 

135 

145 

164 
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ISO 

17S 

193 


220 

o 

F 

4“ 

55 

98 

126 

150 

173 

1S9 

104 

204 

214 



n 

F 

4^ 

54 

99 

136 


1S3 

194 

195 

199 

203 



o 

F 

o- 

45 

94 

134 

160 

ITS 

19G 

196 

200 

214 


25S 

s 

M 


40 

lOS 

143 

202 

250 

2S5 

300 

295 

273 



a 



50 

115 

161 

227 

276 

300 

307 

313 

310 



3 


— 

42 

110 

15S 

238 

2S3 

310 

320 

332 

355 



3 

M 

4- 

53 

117 

173 

220 

o 

287 

300 

314 

2S9 



a 

F 

— 

46 

93 

117 

13S 

150 

173 

170 

170 

150 




r 
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46 

100 

123 

154 
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180 
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ISO 

170 



n 

F 

4- 

50 

102 

132 
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100 

2f’^0 

206 

205 



Mc:vt\ M:v\< 

- O — 

r> t 

113 

irr^ 

’.i 
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3^ >7 
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•» 

•NQO 



(4^ 
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27} 
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3*^6 

i 


3^8 
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. nn 


or 
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ages. Xo distinction ■was made according to generation, since 
the pnps in the first generation, as well as in snhseqnent 
generations, -were free of detectable amonnts of fluorine nntil 
they were over 10 days of age. Such fluorine as was present 
in the animals must therefore have been accumulated from 

TABLE 2 


Phosphatase activity of tissues of deficient and suppJemented animals 


ACE 

SEX 

rLUORIXE 

alkalixt: 

PUOSniATASE 

1 

ACID 

PnOPPHATASE ^ 

Kidney 

Liver 

Bone 

Kidney 

Liver 

Bone 

dapjt 









105 

'SI 

— 

1S3 


86 

15 

IS 

10 

105 

Si 


155 

1,2 

63 

14 

16 

13 

125 

F 

— 

198 

0.4 

01 

20 

14 

9 

125 

F 

-f 

149 

O.S 

3S 

15 

13 

IS 

130 

F 

— 

19S 

0.9 

61 

14 

17 

12 

130 

F 


190 

2.6 

82 

17 

20 

16 

145 

F 

— 

207 

O.G 

GO 

35 

12 

10 

145 

F 

— 

299 

0.7 

29 

17 

12 

4 

145 

Si 

— 

94 

0.1 

78 

20 

14 


145 

Si 


jon 

0.6 

81 

oo 

16 


153 

F 

— 

291 

1.3 


25 

IS 


153 

F 

4- 

1S4 

1.2 


24 

16 


100 

F 

— 

235 

1.0 

66 

27 

13 

S 

100 

F 

4“ 

140 

3.0 

02 

no 

p 

t 

100 

F 

— 

252 

1.2 

55 

ori 

15 

9 

210 

M 

— 

1S3 

1.2 

51 

25 

n 

6 

325 

M 

— 

120 

0.6 

3S 

24 

12 

9 

325 

SI 

4- 

350 

1.1 


21 

12 

S 

325 

r 

— 

320 


46 

20 

35 

0 
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F 

4- 
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0.5 

51 

37 

12 

5 

Av. 
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0.7 A 

62 

21 

15 

9 

S.il. 



59 

0.3 

35 

4.^ 

r> r> 

3.7 

Av. 
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55 

19 

14 

10 
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tile diet, the drinking -water, and the enTironment, A few 
fluorine determinations were made on the femora of older 
animals for purposes of comparison. It should he noted that 
even at 160 days of age the fluorine content of both femora 
was often too small to he measured. Even the rats that had 
been on the diet 325 days had only approximately 2 ppm 
fluorine in the femora. The whole carcasses, including skin 
and hair, or femora of over 33 rats on the fluorine-deficient 
regimen were analyzed. The results indicated considerable 
variability in the amo-unts of fluorine present but in only two 
or three cases were the amounts high enough to suggest that 
loss than maximum care had been exercised to prevent ap- 
preciable contact with, the element. 

DISCUSSION 

Under the extremely rigorous conditions of this study 
fluorine was not found to have any influence on the growth 
and well-being of rats. There were not even any grossly 
detectable dental defects. Thus it is justifiable to conclude 
that under some conditions fluorine may not have any value 
in nutrition or even in the maintenance of dental health. Con- 
cerning dental caries, it should be noted that the experimental 
diet was sugar free and it was not conducive to impaction of 
food in the fissures of the teeth. Thus, on the basis of the 
current views regarding dental caries (Muhler, Hine and 
Day, ’541, fluorine would not be expected to play an important 
role in the protection of the teeth from decay under the con- 
ditions of this experiment. 

Sevciul attempts were made to analyze the compounded 
diet for fluorine, but the content was apparently so low that 
the analytical method would not measure it accurately. There- 
fore. the amount of fluorine which accumulated in the experi- 
mental rats became .an important criterion of the success in 
producing a diet and environment extremely low in fluorine. 

1\ hen the total amount of fluorine is so extraordonarilv 
sni.all. imobably of greater importance is the amount that is 
Utilizable. If it is assumed that a loO-day-oId animal con- 
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Several recent studies have been made on the nutritive 
value of high-protein corn. Flynn, Zuher, Leweke, Grainger 
and Hogan (’54) and Sauherlich, Chang and Salmon (’53) 
reported that the percentages of lysine and tryptophan in the 
protein decreased vrith the increase in the protein content of 
corn. The decrease in the relative amounts of these essential 
amino acids is usirally explained on the basis that in high- 
protein corn the poorer quality zein protein contained in the 
lioniy endosperm increases at a faster rate than the high 
qualitr* protein of the germ portion of the corn. 

Hitchell, Hamilton and Beadles (’52) found that for rats 
the biological value of the protein decreased considerably as 
the protein content of the corn increased. Eggert, Brinegar 
and Anderson (’53) concluded that high-protein corn n-a.s 
superior to low -protein corn when fed to pigs*, however, tlie 
protein quality of low-protein corn was found to be better 
than that of high-protein corn. Ross. Carigus. Hamilton and 
Earley ('54) found that the high- and medium-protein corns 
gave bettor weight gain and wool production in lambs. Schulz 
and Thomas (’40) fed the germ and endosperm from waxy 
and slarcby inbred corns of dittcrent genetic constitution to 
rats for determination of a biological value based on nitrocren 
balance experiments. No highly significant difierenco.s were 
noted in biological values among thc.so germ and endosperm 
samples. 
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TABLE 1 


^na?t/si5 of com samples^ 


SAMpni: 

PROTEIIf - 

TAT 5 

MOisTmi: 


Vc 

Cc 

Tc 

High-oil com 

13.0 

8.6 

10.2 

Thrcc-Avay cross com 

11.5 

7.0 

11.5 

Kegular yellow com 

9.3 

5.1 

14.0 

High-oil com grits 

11.8 

2.3 

11.6 

Regular com grits 

8.2 

1.2 

9.7 

High-oil corn germ 

13.1 

27-5 

6.7 

Regular com germ 

lA.G 

20.7 

2.3 


' Values for grits and germ obtained from commercial dry-process separation. 
* Calculated on drr basis. 


TABLE 2 

Compoi^ifion of icsi diets 





RATION COSfPONENT? 

DIRT 

Corn 

Mineral * 
mix 

Com- Corn Dex- Alptia- Vitamin * 

starch oil tro?e eel mix 


Vo 

Vc 

Vc Vc Vc Vc Vc 

Group I 

High-oil corn 

95.S 

4.0 

0.2 

Three-way cross 

95.S 

4.0 

OSl 

Regular corn 

95.8 

4.0 

0.2 

Group II 

High-oil com 

64.5 

4.0 

30.3 1.0 0.2 

Three-way cross 

73.9 

4.0 

20.5 1.4 . . 0.2 

Regular corn 

94.2 

4.0 

1.0 . . 0.2 

Group III 

Regular corn germ 

81.7 

4.0 

C.o S.l , . 0.2 

High-oil com germ 

95.S 

4.0 

0.2 

Regular corn grits 

90.0 

4.0 

4.9 . . Oii 

High-oil corn grits 

64.7 

4.0 

27.1 4.0 . 0.2 

Group IV 

Xitrogou-freo 


4.0 

6.0 ST.? 2.0 0.2 

High-oil 


4.0 

0.2 

Rf'gulnr corn 

9.1,9 

4.0 

1.9 0^ 

Mr.S.r. Salt Mix XIV. 

* Vitamin** .added |vr l.( 

gm 

of rnrh 

of the 2 m<-thvI.r.nrd.thf.^mir.one. 

2tng: thiamine hydror!i!<'i 
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-mg: ryndoxir** hydr<.>ehlnndc, 20 mr: Idotlr 
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f(d':r : 

neid, 0 0 * 

50 jr:-; nifo- 

tinir .•'enl, 9'>mg; ir.^'itcd 

2 rr 

'g; p am 

:r.n!^rrrc;c r,c;d. oOOrr.g; Tibof..aTii:, 50 
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TABLE 3 

Summary of test data 


DIET 

psorrrx 

COKTEKT 

or Dnrr 

AVEEAGE 

TOOP 

EATEX 

aveeage 

PROTEtK 

EATEX 

AVEEAGE 
BODY WEIGHT 
GAIN 

AVEEAGE 
PEOTEIX 
ErnciExcT ' 


Cc 

fftn 

ffm 

^rm 


Group I 

High'Oil corn 

10,S 

264,9 

28.6 

38.0 ±: 4.2 - 

1.33 = O.OS * 

Three'^vvay cross corn 

9.8 

27o,7 

27.3 

37.8 li: 3.1 

1.39 z: 0.07 

Regular com 

8,4 

2o4.S 

21,4 

19.1 4,3 

0.S9 0.18 

Group II 

High-oil corn 

7.3 

IS3.8 

13,3 

6.7 i: 1.7 

0.51 :i: 0.13 

Three-way cross com 

7,0 

183.1 

13.7 

9.4 rb 2.2 

0.69 0.14 

Regular com 

7.7 

181.9 

14.0 

5.0 :i: 1.7 

0.40 :i: 0.12 

Group III 

Regular corn germ 

ll.S 

254.5 

30,0 

64.5 i 5.2 

2.15 n O.^S 

High-oil com germ 

le.l 

24S.3 

30.0 

52.1 ri: 1.9 

1.74 zr 0.05 

Regular corn grits 

6.9 

lSo.8 

32.S 

2.3 1.0 

0.2 S ±: O.OS 

lligh-oil com grits 

7,1 

1S0.7 

12.8 

0 i 0.6 



’ Protein ctncicncy calculated as grams gain in '^reiglit per gram of protein eaten, 
- Standard error of moan. 


TABLE 4 

Sipnifcancc of means 



rtODV WETOnT GAIX 

pEomx Erricrr.vcv 

DIETS COMTAEED 

’■r’ valur 

P 

“t” vnlu»' 

V 

Group I 

nigh-oii vs. reguinr corn 

3.24 

<0.01 

2.31 

< 0.0.5 

Three-way cross vs, regular corn 

2,99 

< 0.02 

2.39 


Group II 

High-oil vs. regular corn 

0..3O 

>6J 

0.62 


ThroO'way cross vs. regular corn 

1.33 

>0.1 

1.37 

>M 

Group in 

Regular corn genu vs. 
high-(»il corn g*TJu 

22:4 

< 0.05 


< 

Regular corn grit*: vs, 
high-oU com grits 

1 . 9 : 

> o/’r» 

i .03 

> 
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Table 5 lists the amino acid contents of tbe germ and grits 
from tbe bigb-oil and tbe regular corn. These analyses were 
made on tbe band-separated samples. Calculations based on 
tbe percentage composition of corn grits showed that tbe 
bigb-oil sample bad greater amounts of all tbe amino acids 
than tbe regular grits sample except cystine. Tbe regular corn 
germ bad bigber levels of all tbe amino acids except cystine 
than tbe high-oil corn germ. On a percentage of protein basis 
tbe bigb-oil grits did not contain as much lysine as tbe regular 
corn gi’its. On the other band tbe bigb-oil corn germ contained 
more lysine than the regular corn grits. 

After tbe whole corn samples were separated by band, it 
was found that on a dry basis tbe regular corn contained 
80.9% grits and 10.3% germ, whereas tbe bigb-oil sample 
yielded 76.0% grits and 14.3% gei'm. Table 5 Hsts tbe amino 
acid composition of tbe regular and bigb-oil samples supplied 
by tbe grits and germ when tbe amino acid vabies were com- 
bined in tbe proper proportions according to yield. These 
calculations do not include tbe amino acids supplied by tbe 
bran portions which were not analyzed. It was shown that 
the bigb-oil sample contained bigber levels of all tbe amino 
acids listed, except cystine, than tbe regiilar corn sample 
when tbe calculations were based on grams of amino acid 
per 100 gm of corn. On a percentage of protein basis, tbe 
high-oil sample had lower amounts of histidine, methionine, 
lysine, phenylalanine, threonine and cystine than the regular 
corn. 


mscussiox 

The growth and protein eniciency data obtained by feeding 
the whole corn samples indicated that the high-oil sample 
was significantly better than that from the regular corn 
when protein levels were not adjusted. The values in table 5 
do not include the amino acid content of the bran portion of 
the corn which was removed and discarded in the separation 
of the germ and grits. The bran furnished very little of the 
protein content of the corn ; therefore, it is probable that those 
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since tlie amino acid data in table 5 indicated that the lysine 
content of the regular germ was lower than that of the high- 
oil sample (6.9 vs. 7.7%), while the threonine and tryptophan 
contents were approximately the same on a percentage of 
protein basis. Other factors, such as differences in digestibility 
of protein and availability of amino acids, the “balance” of 
all, including the non-essential amino acids, and components 
in the samples other than protein, may all affect the growth 
and protein efficiency. However, with the exception of the 
germ samples, good correlation was obtained between rat 
growth and amino acid analyses in this study. 

SUMMARY 

1. Two high-oil, high-protein corn varieties (13.0% protein 
with 8.6% oil and 11.5% protein with 7.0% oil) gave significant 
increases in growth and protein quality over that obtained 
from regular corn (9.3% protein with 5.1% oil) in ad libitum 
feeding with rats. 

2. l^dien the protein levels were adjusted to 7.5%, no sig- 
nificant differences in growth or protein quality were shown 
by the high-oil corns over the regular corn. 

3. On an equal protein level of 7%, grits from one of the 
high-oil samples (8.6% oil) did not shown significant dif- 
ferences in growth or protein efficiency when compared to a 
sample of regular corn grits. 'When fed at 12% protein levels, 
the germ from regular corn gave significantly better growth 
and protein efficiency than did the high-oil variety. 

4. ^Microbiological amino acid analyses correlated rather 
well with rat growth tests. However, a corn germ sample con- 
taining higli oil resulted in poorer growth and protein ef- 
ficiency than regular corn germ which seemed to have a poorer 
amino acid pattern including a lower level of Ivsine. 

A CRN O WLE DG E NTS 

The authors wish to thank the Funk Brothers Seed Companv 
of Bloomington. Illitmi= for tlie corn .'samples used in this 
study. 
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Several investigators (Chow et ah, ’55; Watson and Florey, 
’55; Nieweg et ah, ’56) have studied the assimilation of 
radioactive vitamin B]o by gastrectomized rats and have 
concluded that the vitamin is not absorbed from the intestinal 
tract in these animals. 

In the present report, the amount of vitamin Bi; stored 
in the livers of gastrectomized rats has been measured. Since 
the values obtained were low when compared with those of 
non-operated rats fed the same diet, it became of particular 
interest to study the effect of oral and injected supplements 
of vitamin Bi^ on the anemia which invariably develops in 
gastrectomized rats (Bussabargor and Jung, ‘36). Further- 
more, since the antibiotic Aureomycin (chlortetracycline) has 
been found to increase the amount of free vitamin B,- in 
the intestine of rats (Pcter.son et ah, ’.53) and to increase tlio 
growth rate of several species of animals (.luhes, ’.5.5), tlio 


* Part of tlio data in tlii*? pnpf'r taken from a tkr-;'* l>v Nortr.n J. 

Lon" to tbo Orailuato Srliool of tlio Vnivor^itv of California in f-artial fr.lf. at 
^’‘f tlio roquircniont*! for tlic of Pci<*nfo in TT'^'me 


't^upported in part Pt prant? from Vpjol.n Cotr.p.ar.;, KaV.rarr 
and Organon, Ir.r., Oranj^o. New 

' I'rovont addro.'^i Vrirran;* Ad?rir.l?tratirn IIo*r:tal, S/'rr.ru***, 


NVw V^rk. 
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animals -were simultaneously placed on tlie same dietary regi- 
men and served as controls for the experimental procedures. 
The animals were sacrificed after 90 days on the experimental 
diet. Liver tissue was removed and analyzed for vitamin 
using L. leiclimannii ATCC 4797 CWright et al., ‘48). 

RESULTS 

Table 1 shows the values obtained when the liver tissue of 
gastrectomized rats was analyzed for vitamin Bjo. In two 
separate experiments the range and average values show that 
the vitamin Bjo content was approximately 10% of the amount 
present in liver tissue of non-operated control animals. This 
is evidence that a 90-day period on this dietary regimen 
1‘esults in a depletion of the vitamin Bio liver content of the 
gastrectomized rat. 

TABLE 1 

Tt^arntn tn. ?trcr tissue of gastrectomized and control rats 


CROUP 

xo. or 

K.\TS 

r.ASTRKCTOMlTXD RATS 

COKTROL R-\TS 

tiz Viiz per 

cm liver 

A* Bi; per cm Uver 

I 

G 

Hanpe 

4-20 

SvertXije 

13 

HcTiffe 

130-250 

IGG 

II 

T 

13-2G 

23 

109-215 

190 


A moderate reduction in hemoglobin concentration was 
found in gastrectomized rats at the end of the experimental 
period (table 2) when values were compared to those of control 
animals fed the .same unsupplemented diet. The addition 
of vitamin Bn to the diet had no effect on hemoglobin values. 
Similar results were obtained when a bog gastric mucosal 
concentrate of intrinsic factor •' was fed in conjunction with 
vitamin Bi-^ and also when vitamin Bj- was injected or given 
orally with a folic acid supplement. In experiments wIkto 
Anreomycin was added to the diet, hemoglobin values were 
increased to the normal range. This elTect of Anreomycin 

* liifnctoii tliroxiplt ilic of I'r* K., ^ . The < f r, 

Orar.po, Xrtv 
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livers of antibiotic-fed gastreetomized rats to be belov normal 
values and similar to values obtained for unsupplemented 
gastreetomized rats (table 1). Other vorkers (Peterson et 
ah, ’53; Chow et ah, ’53) likewise found no increase in the 
storage of vitamin Bjo in antibiotic-fed animals. 

DISCUSSION 

The reduction in vitamin Bjo liver content occurring in 
gastreetomized rats can be explained on the basis that the 
vitamin is not absorbed from the intestinal tract in the ab- 
sence of intrinsic factor (Chow et ah, ’55 ; Watson and Florey, 
’55; Nieweg et ah, ’56). The extremely low values obtained 
after 90 experimental days are unexpected considering the 
difficulties encountered in producing a vitamin Bj^ deficiency 
in the normal weanling rat. The depletion of vitamin Bi; in 
gastreetomized rats apparently has no effect on blood cell 
production, since Aureomycin-fed animals have normal hemo- 
globin values associated with low vitamin B^ liver stores. 
This would confirm the conclusion of other workers (Jukes 
and Williams, ’54) that a vitamin Bjo deficiency does not 
greatly affect the hemopoietic process in the rat. 

The results of these experiments show that the anemia 
occurring in gastreetomized rats on an adequate iron intake 
can be corrected by Aureomycin feeding. The treatment for 
this anemia is therefore similar to that for the anemia in 
the blind intestinal loop syndrome where Toon and Wangen- 
steen (’50) found antibiotic supplements to be an effective 
therapy. 

Altliough no adequate explanation is at liand. it would 
appear that Aureomycin could act, presumably through its 
effect on intestinal microflora, either to enhance the produc- 
tion of some unknown hemopoietic factor or to inhibit the 
formation of a hemolytic toxin. 

Ninety day.« after operation, the vitamin B.; liver content 
of gastroctoniizod rats was found to l>o greatly reduced when 



IsUXEITIOir IK GASTBECTOillZED EATS 


591 


Watson*, G, M., an*d H. W. Fix>rey 1955 The absorption of ritamin in 
gastrectomized rats. Brit. J. Exp. Path,, 36: 479. 

Weight, L. B., H. E. Skeggs ash J, W. Hurr 1948 The abilitv of thrmidine 
to replace vitamin Bi- as a grovrth factor for certain Lactobacilli, J. 
Biol. Chem., 175: 475. 



THE EFFECT OF FOLIC ACID OX THE USE OF 
GLYCIXE BY THE TURKEY POULT 


F. H. KFATZFB FAXXE H. LAXTZ 

Department of Doultry Rushandry, University of California, Dcxris 


•(Received for publication March IS, 1957) 


Folic acid has been found to be essential for serine synthesis 
in microorganisms (Holland and Meinke, ’49) and rat liver 
(Plant et ah, ’50). Totter et al. ( ’50) found that livers of folic 
acid-repleted chicks vere capable of converting glycine to 
serine more rapidly than deficient chicks. Naber et al. ( ’52) 
shoved that glycine vas more toxic for chicks fed a ration 
deficient in foUc acid than for those fed a supplemented ration. 
j\Iachlin et al. (’52) found folic acid and vitamin to be 
effective in counteracting glycine toxicity in chicks, ilore 
recent work has shovm that a folic acid derivative, tetrahy- 
drofolic acid, serves as a single carbon carrier in the con- 
version of glycine to serine in microorganisms, rats and 
pigeons (Blakley, '54; Elvwm et al., ‘55: Elisliuk and Sakami, 
’55; and Alexander and Greenberg, ’55). The same mechanism 
may operate in turkey poults since the livers of poults deficient 
in folic acid showed a greater reduction in the ability to 
incorporate the alpha carbon of glycine into the beta carbon of 
serine than into the alpha position of serine (Yohra et ah. ’56). 

Xatior et al. (’56) were unable to simulate a toxicity of 


glycine tT. 

jrkonf; l>y " 

rnicT conipound? rolalod to <:rlycino. 

inclu 

V acbj 

: «*‘5:ylic ncid arid Torino. Dirdnry 

give' 

<loprt 

tolic ncid content of the ti>'=nec and 

folic 

>t (lo! , » 

’ho irlycine ]eve] 5n tlio Idnod. 

05 
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acid ■ 
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Folic acid has been found to be essential for serine synthesis 
in microorganisms (Holland and Meinke, ’49) and rat liver 
(Plant et ah, ’50). Totter et ai. ( ’50) found that livers of fobc 
acid-repleted chicks were capable of converting glycine to 
serine more rapidly than deficient chicks. Naber et al. (’52) 
showed that glycine was more toxic for chicks fed a ration 
deficient in folic acid than for those fed a supplemented ration. 
Machlin et al. (’52) found folic acid and vitamin Bis to he 
effective in counteracting glycine toxicity in chicks. More 
recent work has shown that a folic acid derivative, tetrahy- 
drofolic acid, serves as a single carbon carrier in the con- 
version of glycine to serine in microorganisms, rats and 
pigeons (Blakley, ’54; Elwyir et al., ’55; Kisliuk and Sakarai, 
’55; and Alexander and Greenberg, ’55). The same mechanism 
may operate in turkey poults since the livers of poults deficient 
in folic acid showed a greater reduction in the ability to 
incorporate the alpha carbon of glycine into the beta carbon of 
serine than into the alpha position of serine (Yohra et al., ’56). 

Naber et al. ( ’56) were unable to simulate a toxicity of 
glycine in chickens by feeding compounds related to glycine, 
including oxalic acid, glyoxylic acid and serine. Dietary 
glycine did not depress the folic acid content of the tis-ues and 
folic acid did not depress the glycine level in the blood. 

Cervical paralysis has been described as a symptom of a folic 
acid deficiency in poults by Richard=on et al. f’lo). .Tnlmc 
ot al. (’47) and Lance and TTogan (’4^). The ration^: n=ed in 
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tlie expense of eornstarcli. In experiments I and 5, 38% of 
acetone-extracted fishmeal replaced the soybean protein, 
diealcium phosphate and calcinm carbonate. In experiment 
6, 30% of acid-ivashed casein and 0.6% of n-arginine replaced 
the soybean protein. 

The poults were housed in electrically heated batteries with 
raised wire floors and were weighed and examined at frequent 
intervals. 

TABLE 1 


The effect of ghicinCf serine, betaine and folic acid upon the growth 
of poults deficient in folic acid^ 


SUPPLUMEXT 

1>EVEL. 


PEP- CEN'T D.MEV G-\1X 

(rs* <% ) AND SrEVrVAD 



No foUc acid 

Folic acid (10 

Exp. 1 

Exp. 2 

At, 

Exp, 1 

Exp. 2 

Av. 

None 

Co 

8.7 4/4 

= 7.1 4/5 

7.9 8/9 

S.7 4/4 

9.2 5/5 

9.0 9/9 

Glycine 

4.0 

1.9 2/4 

4.1 4/5 

3.0 6/9 

9.7 4/4 

S.l 5/5 

$.9 9/9 

DirScrine 

5.6 

9.7 4/4 

8.7 i/5 

9.2 8/9 

10.1 4/4 

S.6 4/5 

9.4 S/9 

Betaine- HC2 

0.5 

7,7 4/4 

8.3 4/5 

8.0 8/9 

9.0 4/4 

8.6 5/S 

9.1 9/9 


* Duration — 9 and 10 days in experiments 1 and 2 respectively, 
' Number of survivors 


Initial number 


RESULTS 

In experiment 1 and 2 (table 1) glycine in the absence of 
folic acid caused a marked depression in growth. Three of the 
9 birds in the glycine supplemented groups exhibited cervical 
paralysis which was very similar to that described by Richard- 
son et al. (’15), and no cervical paralysis was noted in any of 
the other groups. Folic acid prevented the growth depressions 
as well as the cervical paralysis caused by glycine. nL-Serinc 
at an equimolar level caused neither a growth depression nor 
cervical paralysis. Betaine -HCl, although nsed at a lower 
level than glycine, was not growth depressing, nor did it 
improve growth above the control rations. This indicates th.at 
the basal ration contained adequate methyl groups for growth, 
although it contained homocystine and dimethylethanolrimir.'' 
ia an attempt to provide a low level of available metl-.yl L-mr.]--. 
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The glycine content of the basal ration was reduced in ex- 
periment 6 (table 4) by the use of casein and arginine as a 
source of amino acids. This basal ration contained 0.1 to 0.2% 
of glycine, by calculation. Normal poults were used and were 
continued on the experiment for 31 days. Growth was reduced 
and mortality increased by the addition of glycine to the basal. 
Cervical paralysis was noted in 4 of the 6 birds in the group 
without glycine and folic acid. When glycine was added the 
poults died sooner than in the control group and there were 


TABLE 3 


Effect of glycine and folic acid on grovoihf survival, and incidence of cervical 
paralysis of poults fed diets containing fish meal 


nUK-lTIOK 

GLTCIKE 

romc Acn> 

S re VITAL ' 

cmncAL 

PAE.U.TSIS 

days 

ro 

Experiment 4 


incidracf 

10 

0 

0 5.5 

5/10 

10 


o 

0 

0/10 

10 


0 

10 S.3 

9/10 

0 


2 

10 7.9 

Experiment 5 

7/10 

0 

9 

0 

0.4 7.5 

1/5 

0 


2 

0.4 

0/5 

0 


0 

10.4 7.4 

5/5 

0 


o 

10.4 S.S 

4/5 

0 


* Xumber of survivors 


Initial number 


TABLE A 


Effect of ghicinc and folic acid on growth^ cervical paralys^i.^, and of 

poults fed a lo\c-ghjcinc dirt (r:rperirifrA C) 


CLTClKt 

roLic A cm 

19-t)AV 
n.VILV CATS 

err. VIC AT. 
I'W.At.YFI'i 

«rr-vr. 

AL t 

10 t{^y* 

31 (!-; • 

rr 

mg/lg 

Tr 




0 

0 

5.4 

4 /C 

r. 0 

n.r, 

4 

0 

2.0 

1/0 

1/0 

n/f- 

0 

10 

0.7 

0 

^ , 9\ 

4 ') 

4 

10 

0.9 

0 

r 'G 

r» 

* Nutubrr of survivors 


Initial r.umln r 
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soybean protein, in the present studies, contained approxi- 
mately 1.2% of glycine. Tkese are rather high levels of glycine 
in comparison to a requirement of 0.9% (Eiratzer and 
Williams, ’48a) and might suggest that it is essential for the 
production of cervical paralysis. In experiment 6, however, 
it was shown that cervical paralysis could be produced in 
poults fed a ration low in glycine, and is thus actually a 
symptom of a folic acid deficiency. This fact gives further 
support to the theory that glycine is toxic by creating a folic 
acid deficiency. 

The cervical paralysis seems to be a symptom of a chronic 
deficiency since poults which were depleted when hatched and 
fed an extremely deficient ration showed less cervical paralysis 
than poults fed higher levels of folic acid or less glycine. This 
is analogous to a deficiency of pantothenic acid in which early 
mortality may prevent the development of typical symptoms 
(Kratzer and Williams, ’48b). 

SUMMARY 

In poults fed rations low in folic acid, glycine caused 
depressed growth, increased mortality and cervical paralysis. 
The effects could be prevented by supplementing the rations 
irith folic acid. nn-Serine at an equimolar level had no adverse 
effect upon the birds. Poults fed a ration deficient in glycine 
*13 well as folic acid also developed cer\*ical paralysis. This 
indicates that the cervical paralysis is a result of a deficiency 
of folic acid rather than an excess of glycine. 
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The non-ionic surface-active agents, such as the sorbitan 
and polyoxyethylene derivatives of fatty acids, have a number 
of attractive uses in food technology, particularly as emulsi- 
fiers. It is important, therefore, to establish the effects of 
these compounds, in amounts proposed for technological pur- 
poses, on the nutrition and health of the consumer. Data 
presented in the literature can be interpreted to mean that 
those compounds should not be classified as substitutes for 
fats but rather be considered as food additives, compounds 
■which could be used in relatively small amounts ■\vhenever or 
wherever they develop technological advantage. 

One of the most difficult tasks presented to food technologists 
is the determination of safety, particularly of compounds 
that arc not recognized as normal to foods and work on this 
problem has been done by Bourke and Fitzhugh. u3 ; Chow 
ct ah, ’5.3: Culver et ah. ’.51: Harris ot ak, ’50; Jones et ah, 
’IS; Kr.aniz et ak, ’51; Schweigert et ak. ’51: IVang ct al.. 
■oO: Allison et ak, 52. Tlie task is difilcult, in part. boc.an=e 
any snbstanc<-, whether it be elnssified ns inert, ns a food. 
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all of its parts increase in -weight or volume in a definite 
pattern. This pattern of growth was determined hy measuring 
not only the weight of the wliole animal hut also some of its 
parts. Tlie process of growth is a function of food intake 
and its utilization, a function which was expressed as food 
efficiency. Ahnormalities were detected hy histopathological 
techniques. 
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Diet and the disease “Wet Spot”. It is possible that many 
experiments irhere synthetic diets are fed to hamsters may 
be complicated by the disease “Wet Spot” irhich is character- 
ized primarily by a ivet posterior end, vith bloody diarrhea and 
inanition. A private communication from Ben-j^Ienachem at 
Hebrew University, Jerusalem, suggests that the disease may 
be similar to the obscure and fatal “Wet Tail” referred to 
by Hindle (see Worden, ’47). Hamsters fed diet A grew and 
Avere in excellent condition provided they were free from this 
disease. Exposure to “Wet Spot” was impossible to avoid, 
however, and occurred when animals were placed in cages 
that had contained sick animals or that were adjacent to sick 
animals. 

Since “Wet Spot” was seldom found in animals fed the 
commercial “Fox Chow,” variations ivere made in diet A 
to include this and certain natural foodstuffs. Addition of 
30% of “Fox Chow,” yeast, or alfalfa meal to diet A reduced 
the incidence of “Wet Spot,” and reduced mortality from 
close to 100% to under 50%. Decreasing the fat in diet A 
by one-half, to approximate more nearly the low fat content 
(3%) of “Fox Chow,” did not protect the animals from the 
disease entirely, but delayed its onset. }ylueh work needs to 
be done to characterize the disease and the protective effect 
of foods, but these preliminary observations are mentioned 
at this time since the disease may be prevalent in other 
colonies of hamsters. Our work was continued using “Fox 
Chow” as the basal diet. 


Sxirfacc-active agents in ihc “Fox Chow” diet. Two ex- 
periments wore carried out with the same general experimental 
pattern. Weanling hamsters Avero divided at random into 
groups of 12 animals each, the groups having the same avcrano 
body Avcight, and fed “Fox Chow” alone^ or “Fox ChoAv” 
containing A'arying amounts, in terms of percentacro Aveiirht. 
of (he surface-active agents Myrj 45, Myrj 52. T\Amen GO? or 
1% of vegetable fat. In one experiment*. hamster= Aveiriiiu" 
approximately 27 gm Averc divided into 4 croups fed “Fov 
Cliow” containing 0. 2.5. 5 or 10% of .Mvri 52. re=pertiveiv. 
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TABLE 2 

Food e^ciency and hody v)e\gliis in. hamsiers fed **Fox Chow*^ or Fox Chow^* 
containing Myrj 45, ^Tt/rJ 52, Tioeen 60 or a vegeiahXe fat 


DIET 

rooo EmCIEKCY ^ 

TIBET 6 WEEKS 

0 

BOOT WEIGHT 2 

MONTHS OK onrr 

3 6 

12 

Fox Chow 

Experiment 17 

ffm 

27 

76 

gm 

S7 

Xrm 

101 

ilyrj 52, 2.5% 


26 

79 

9S 

lOS 

ilrrs 52, 5% 


27 

79 

95 

100 

ilyrj 52, 10%, 


27 

SI 

94 

101 

Fox Chow 

Experimeni 19 

0.20 

50 

9S 

110 

106 

Vegetable fat, 1% 

0.25 

43 

90 

103 

94 

Hjrj 45, 1% 

0.20 

52 

96 

110 

99 

Hrrj 45, 5% 

0.19 

52 

90 

103 

102 

MjTj 52, 1% 

0.22 

52 

93 

103 

96 

Myrj 52, 5%, 

0.21 

53 

92 

109 

102 

Tween 60, 1% 

0.2-i 

53 

97 

111 

lOS 

Tween 60, 5%> 

0.19 

53 

9S 

110 

103 

Foi Cliow 

Fxpm'ncnf 20 

0.19 

40 

100 

103 

101 

Vegetable fat, 1% 

0.19 

40 

96 

100 

104 

Mrrj 45, 1% 

0.20 

40 

107 

104 

105 

Myrj 45, 5% 

0.20 

40 

100 

104 

lOS 

Styri 52, 1% 

0.20 

40 

9S 

104 

101 

Myrj 52, 5% 

0.1$ 

40 

94 

99 

9G 

Tween CO, 1% 

0.19 

40 

97 

99 

94 

Tween GO, 5% 

0.19 

40 

9S 

101 

104 

Toj: Cliow A 

Experiment 21 
0.10 

49 

2M 

107 

104 

Fox Cliow I? 

0.10 

49 

94 

10 ^ 

104 

Myrj 45, I'/r 

o.ir, 

49 

95 

101 

103 

Myrj 45, 5% 

0.10 

49 

95 

99 

90 

Myrj 52. l-:5 

o.i: 

49 

97 

113 

103 

Myrj 52. 5% 

o.u 

49 

$7 

97 

93 

Trein CO, I*;-;. 

0.10 

49 

93 

110 

107 

T«(-.n Cf. 57 :. 

0.10 

49 


1* 9 
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TABLE 3 

Average body weight and organ weights of hamsters fed control and 
experimental diets for 12 to 1$ months 



BOOT 

WEIGHT 

HEABT 

niVEB 

KTOXET 

EPI^EX 



ffm 

ipn 

gm 

gm 

£rm 

Experiment 17 (Started S/19/52) 





Fox Chow (Control) 

9 

101 

0.403 

3.93 

0.767 

0.078 

Mprj 52, 2.5% 

11 

108 

0.430 

3.99 

0.815 

0.089 

Uyrj 52, 5% 

8 

100 

0.476 

3.68 

0.859 

0.110 

Myrj 52, 10% 

11 

101 

0.400 

3.91 

0.851 

0.081 

Experiment 19 (Started 2/10/53) 





Fox Chow (Control) 

11 

106 

0.398 

4 . 2 s 

0.899 

0.076 

Vegetable fat, 

12 

94* 

0.357 * 

3.80 

0.752 ’ 

0.067 

Myrj 45, 1% 

10 

99 

0.377 

4.05 

0.S69 

0.079 

Mvrj 45, 5% 

12 

102 

0.3S0 

4.24 

0,893 

0.070 

Myrj 52, 1%, 

11 

96 

0.401 

3.S4* 

0.911 

0.071 

Myrj 52, 5% 

11 

103 

0.387 

4,04 

O.SSG 

0.072 

Tween CO, 1% 

12 

lOS 

0.414 

3.99 

0.967 

0.076 

Tween GO, 5% 

12 

103 

0,39G 

3.94 

0,955 

0.072 

20 (Started 3/2S/5S) 





Fox Chow (Control) 

12 

101 

0.413 

3.42 

0.S15 

0.0S2 

Vegetable fat, 1% 

10 

104 

0.411 

3.45 

Cl 

0 

0.076 

Myrj 45, 1% 

10 

105 

0.460 

3.73 

O.SIO 

0.079 

Myrj 45, 

10 

lOS 

0.403 

4.23 ’•* 

0.S41 

0.072 

Myrj 52, ICc 

11 

101 

0.39S 

3.5S 

0.79G 

0.075 

M>Tj 52, 5% 

11 

97 

0.37G 

3.49 

0.776 

0.073 

Tvrcoii CO, l^r 

12 

94 

0.379 * 

3.37 

0.776 

0.074 

Twcon 00, OVc 

0 
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0.397 

3.01 

0.S70 

0.0$ ? 

Fx;>fri?'unt 21 (Startril C/1 

1/33) 
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The third type of pathology Tvas concerned with the kidneys. 
This pathology conld be divided into a primary type character- 
ized by the formation of hyaline casts in the renal tnbnles 
and a secondary type characterized by hyaline tnbnle casts 
accompanied by chronic interstitial nephritis. The data in- 
dicate that whenever diarrhea was present the incidence of 
casts and chronic interstitial nephritis generally increased 

TABLE 4 


Tailiologks in liamsiers fed ‘*Fox Cliow^^ or *^Fox Chow” containing vegetable 
fatj Myrj 45, FLyrj 52, or Tween CO 


DIET 

KEMDEE 

ANXXfAES 

DEAD AT 

1 IXAE 

DIAEEHEA 

MILD 

TESTICtrLAE 

ATP.opirr 

CASTS 5 

CIK ' 

Fox Chow 

36 

2 

— 

1 

9 

2 

Vegetable fat, 1% 

24 

2 

— 

1 

8 

1 

Myrj 45, 1% 

36 

5 

— 

1 

4 

1 

Myrj 45, 5% 

36 

3 

— 

0 

12 

0 

Myrj 52, 1% 

36 

3 


1 

10 

3 

52, 5% 

36 

3 

4- 

0 

17 

5 

Tweeu 00, ITc 

36 

0 

— 

0 

11 

0 

Ttveen 00, STc 

36 

3 

O- 

1 

18 

6 

Eos Chow 

12 

3 

— 

1 

o 

0 

Myrj 52, 2.59c 

12 

1 

— 

1 

4 

1 

MiTj 52, STo 

12 

3 

-r 

4 

8 

1 

Myrj 52, 109 o 

12 

1 

JU 

7 

10 

6 


* Casts and chronic interstitial nephritis (CIX) in kidnev. 


significantly above the controls and other groups fed surface- 
active agents without resulting diarrhea (see table 4). Di- 
arrhea was obvious in animals fed 5 and 10^ of Myr,i 52 
and 5^0 of Tween 60 and absent in animals fed 1 or 2.5% of 
Myr.i 52, 1% of Tween GO and 1 or 5% of Myrj 45. 

In order to investigate further the cause of increased kidnov 
pathology in hamsters fed higher concentrations of Myrj 52 
and Tween GO, 4 groups of 10 young male hamster.'^ each were 
fed, ad libitum, diets of “Fox Cliow“ .alone or “Fo.v Chow’’ 
ooutaiuiiur 5C of Myrj 45. 5% of Mvrj ,52. or 5F- of T*n-e-n 
<•.0 r„r For 1 !,.. ,„.x, ^ 

f,.,l Ih.. same , 
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organs weighed and tissues sectioned, stained and examined 
for liistopatiiology as in the case of the hamsters. 

Environmental factors. High mortality was observed in 
early experiments in groups of mice fed diet A containing 
157° of ilyrj 52 or Tvreen 60. This high mortality was con- 
current with an erythema and loss of hair. Data were obtained 
to suggest that these conditions were due to direct sldn 
contact with the experimental diets and resulting caimibalism. 
Although similar effects were produced by the control diet 
alone when it was rubbed onto the skin of the animals, the 


TABLE 5 

Average 'body icciglit and organ weights of mice fed various amounts of 
40f SB or Tween €0 in diet A for 3 to 4 v\onihs'^ 


DIET 

KO. 

AXISIALS 

BODY 

WKIGnT 

HEART 

LIVER 

KXDNEV5 

SpLEE-V 



pm 

pm 

pm 

pm 

prt 

Diet A (Control) 

lo 

3S,T 

0,156 

1.61 

0.526 

0.213 

+ ^fyrj 45, 5% 

9 

41.6 

0.1S2 

1.70 

0.645 

0.235 

+ Myrj 45, 10% 

12 

42,3 

0.176 

1.S3 

0.605 

0.225 

'T Myrj 52, 2,5 

11 

43,4 

0.160 

1.74 

0,537 


-f ityrj 52, 5% 

10 

40.3 

0.163 

l.OS 

0.554 

0.251 

-f Myrj 52, lOCc 

10 

40,3 

O.ICS 

1.64 

0.53S 

0.1 S4 

-f Tween CO, 2.57o 

C 

42.1 

O.ISG 

1,S2 

0.576 

0.196 

4“ Tween CO, 5Cr 

9 

41.2 

0.173 

l.OS 

0.552 

0.202 

-f Tween CO, lOgc 

9 

42,0 

0.161 

1.02 

0.550 

0.234 

'There is no tli {Terence, nt 

the P 

0,05 confidence loved. 

between the 

nv(Tn::c 


Voily \vcip1its aiul orpnn weights of any of the cxporiincrjtnl ‘iDil th.*' control'*. 


concUlion ^vas aggravated when the food contained the surface- 
active agents. Lo^vering of mortality and improvement of the 
skin condition occurred when wood shavings wore kojjt in the 
wire or metal-hottom cages in wliich the mice were housed 
and when food was availahlo only from overhead wire hnskets. 
Therefore all subsequent e>:porinients wore conducted in thi-^ 
fashion. 

7>or?r/ wnnlii futiv. <uul nreuni ircfu/ifs. Theri‘ v.’er«* re> 
standing difun-enet*'^ in av»'U-n*,:e body weiirliS* nf animal- f***i 
the various fXpcriintuUal ditus ov<t peri(*iK («f fneri ibr**- 
to 4 month-', nor di»i the ortran of .animal-' 
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monoDDclear perivasctilar cuffing in the bladder, •vt'Mcb ap- 
proximated early cystitis. Eight of the 9 mice fed 5%> and 

9 of the 12 fed 10% of MyrJ 45 showed signs of the generalized 
colony infection. Two mice fed 5% of Myrj 45 and none in 
the 10% Myrj 45 gronp had marked infiltration of the liver, 
with intranuclear inclusion bodies. bTo pathological conditions 
attributable to the presence of Myrj 45 in the diet were evident. 
Five of the 11 mice fed 2.5%, 6 of the 10 fed 5%, and 8 of the 

10 fed 10% of Myrj 52 demonstrated pathology that was 
associated in whole or in part with the colony infection. 
There were no abnormalities attributable to the feeding of 
Myrj 52. In the experiments involving Tween 60, 5 of the 6 
mice fed 2.5% of this surface-active agent, 7 of the 9 fed 5% 
and 7 of the 9 fed 10% had evidence of the colony infection. 
Two animals, one fed 2.5% and one fed 10% of Tween 60, 
evidenced a mild gastritis. There were no pathological con- 
ditions specific for Tween 60. 

espebemexts with beagles 

Weanling beagle puppies were fed an agar gel diet B (table 
1) containing 0, 5, or 10% (dry basis) of ilyrj 45, ^lyrj .52 
or Tween 60. The basal diet, containing 25% of casein, has 
been used for a number of years to grow and maintain dogs. 
Protein efficiencies are recorded in table 7. More data are 
needed to determine the variation in protein efficiencies of 
beagle puppies but these values are of the same order of 
magnitude as those determined previously on this diet in our 
laboratories, and the variation is small when it is considered 
that each value represents a single animal. None of the animals 
developed diarrhea on any of those diets. One animal fed 5% 
of iMyrj 45 for approximately one year and two receiving 
10% of hlyrj 45 for 40 weeks were autopsied and the .same 
group of tissues listed for hamsters and mice were examined 
for histopathologj'. Xo signifioant pathology attrihntable In 
(ho feeding of Myrj 45 was found. Two dogs, one male and or.f 
female, receiving 5% of Myrj 52 wore autopsied at tlm rnd 
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because of tlie lack of protection by tke diet against a disease 
■we have called “Wet Spot.” Partial protection conld be ob- 
tained by adding alfalfa meal, certain yeasts or “Pos Cbow” 
to the syntbetic diet. For that reason, “Fox Cbow” was used 
as tbe basal diet. Even with some asymmetry of stresses 
between groups may be one explanation of tbe fact that in 
tripbcate experiments some significant differences (P — 0.05) 
occurred in one member of tbe triplicate wbicb disappeared 
when tbe data were considered as a whole. 

Tbe addition of ilyrj 45, Myrj 52 or Tween 60 at varying 
concentrations to tbe diet of hamsters, mice or dogs did not 
alter growth or food efficiency. Myrj 45 did not produce 
diarrhea in any of tbe animals or any abnormalities that could 
be attributed to this surface-active agent per se. Tbe pos- 
sibility that 5% of Myrj 45 could be considered tbe upper 
limit for feeding surface-active agents to hamsters might be 
argued because in a single experiment there was a significant 
fall in body weight in year-old animals below tbe “Fox Cbow” 
control, a significance, however, that disappeared when tri- 
plicate experiments were analyzed. A reduction in gi'owtb and 
food efficiencies was reported by Scbweigert et al. (’50) for 
hamsters fed 5 and 15% of Myrj 45 in place of an equivalent 
amount of lard in a semi-synthetic diet. Tbe gastrointestinal 
disturbances found by these authors in hamsters fed Myrj 


45 and tbe accompamdug pathologies (see Wang et al., ’50) 
V'cre not observed in any of our animals. Possibly there were 
added stresses in their experiments, such as a nutritional 
imbalance due to substitution of Myrj 45 for lard. Recently 
Krolil, Cowgill and "Wdiedon ( *55) concluded from their studios 
on the effects of polyoxA^ethylene esters in the diet of tlio rat 
^nd the cat that Myrj 45 up to 20^ of the diet, or the 
oxyethylone moiety at a level of 6^, had no deleterious efToct. 

Diets containing 5% of Myrj 52 or Tween GO did produce 
diarrhea in hamsters. Hierher concentrations of these surface- 


active agents np to 10 and 


20 ' 


were necessary in jiroduri* 


diarrhea in mice or dogs. Increase in tlm incidoTice of l:idn*'y 


casts and of chronic interstitial nephritis occurred in iiain-'o rs 
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